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1. SCOPE 


1.1 Scope. This specification defines the capability and performance 
requirements for the Program@@™Satellite System. The Program@p 
Satellite System major elements as defined in this specification shall be 
the Thor booster, the Agena orbital vehicle, the radio guidance system, 
and the primary payload, 


1.2 Function. The functions of the Program@@™B Satellite System shall 
be to place and support in orbit primary and secondary payloads. In 
addition, the system shall provide for the recovery of two capsules 
trom orbit. 


1.3 Descriptive Title. The descriptive title of the total system is 
Program @@iSatellite System, herein called the system. 


1,4 Contractual Limitations and Variations. This specification shall 
not be intended to change, and shal! not change, the contractual obliga- 
tions ot Lockheed Missiles and Space Company or those of other con- 
tractors, except as to the issuance of this system specification, LMSC 
1417524, but shall serve only to c oordinate into 2 system specification 
the Program @Bactivities of LMSC and other contractors, as directed 


by MB (0 Contra SE 


2, APPLICABLE DOCUMENTS 


2.1 Government Documents. The following government documents, 
with 1ssue dates as listed below, forma part of this specification to 
the extent specified herein: 


Standards 
NIL -STD-442 Cable (Wire) Two Conductor 


12 December 1957 Parallel (Ripcord) 


Publications 


ANA Bulletin Nu, 438b Age! Controls for Synthetic 
15 September 1964 Rubber Parts 

Air Force Missile Test Center Airborne Flight Termination 
Regulation 80-7 Systems (Range Safety) 


25 Septe:inber 1958 


(Copies of specifications, standards, drawings, and publications 
as required by Contractors in connection with specific procurement 
iunctions should be obtained from the procuring activity or as 
directed by the contracting officer.) 
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2.2 Other Documents. The followin non-govetnment documents with 
issue dates as listed below form a part of this specification to the extent 
specified herein: 

Lockheed Missiles and Space Company (LMSC) 


Specifications 
eh ee 


1345097B Agena D Ait Section, Program 

24 March 1964 Space Allocations 

1414691C Specification, Satellite Control 

17 January 1964 Subsystem for Program QM Satellite 
Vehicles 39205, 1601 and Up 

14165594 Detail Specification, Model 

15 August 1964 39205, Program 

T-3-3-0C1 Design Control Specification 


Primary Payload 
T-3-3-004 Payload Interface Specification 


T-3-+4-001 Design Requirements Specification, 
Primary Payload . Se 


Drawings 


1324216 Vehicle/Payload Mechanical 
Interface 

1345366B LV-2A, SLV-2/Standard Agena 
Mechanical Interface 

1358140 Secondary Payload Mounting 
Hole Patterns 

1363999 Secondary Payload Mounting 
Houle Patterns 

1365461 Antenna Configuration Drawing, 
Guidance 

1397367 Paint and Marking 

139857] SLV-2A/S-Ol1E Electrical 
Interface 

1399138 Agena/AGE Interface 

2P10762P. tandard Research Payload 

(LAiSC, RP) Aft Rack Equipment Panels 
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Publications 

4068386 - Umbilical and Test Plug Pin 

21 June 1963 Assignments 

A069555B Reliability Program Plan, 

7 August 1963 Program 

A315106B Trajectory Performance, 

30 December 1963 Model LV-2A/01B 

A381275 Test of Attainment Reliability 

12 July 1963 Requirements and Goals 

A705291 Program @ap Quarterly Reliability 
1 November 1964 Estimate and Analysis Report 
A386369 Program@@system Design 
SDR-6 Requirements for Vehicle Payload 


Interface 


Douglas -\ircraft Company (DAC) 


Specifications 

DS5-2345A Detail Specification DSV-2C 

1 July 1964 (SLV-2A) Space Booster 

Drawings 

LA18o80 Standard Instrumentation Kit 
First Stage Booster 

1Bu7688 Flight Controller 

7837064 Multicoder High Level PDM 

é 


Western Electric 
Spec itications 
G.5. 19-900 


G.S. 64-250 


inter Range Instrumentation Group 


IRIG Doc ument_ 


106-00 
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(Applications for copies of non-government documents should be 
addressed to the appropriate organization at the following addresses: 
a. Lockheed Missiles and Space Company 

P.O. Box 504 

Sunnyvale, California 


b. Douglas Aircrait Company, Inc. 
Missile and Space Systems Division 
Santa Monica, California 


c. Western Electric Company, Inc. 
Defense Activities Division 


North Carolina 


- 2,3 Specification Tree, The specification tree shown in Figure 1 
depicts the frst sublevel of Program @@® Satellite System specifications. 
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3. REQUIREMENTS 

3.1 Operational Performance. 

3.1.1 Primary Mission. The primary mission of the system shall be 

to place into orbit and to support a primary payload with objectives as 
specified in section 3.1.15 of this specification. sated 
3.1.2 Secondary Mission. The secondary mission of the system shall 

be to provide accommodations for secondary payloads as specified in 

section 3.1.16 of this specification. The secondary payloads shall be 

flown on the basis of non-interference with the primary payload mission. 


3.1.3 Mission Capabilities. 


3.1.3.1 Orbit Parameters. The system shall be capable of a range of 
missions with orbit parameters generally within the following limits: 


a. Period: 88 minutes to 92 minutes 
b. Inclination: 60 degrees to 140 degrees 


c. Height of Perigee: 80 nautical miles to 220 nautical miles,..... - 22-20 » 





3 : Toy, Oita BST 
The effects of mission selection on the weight-in-orbit capability shall be 
as specitied in detail in section 3.1.7 of this specification. 


3.1.3.2 Mission Selection. The capability of the system to incorporate 
or change missions within the orbital parameters specified in section 
3.1.3.1 shall be limited as follows: 


3.1.3.2.1 New Missions. Incorporation of a new mission not previously 
flown and without complete prelaunch data shall require 22 working days 
prior to launch. 


3. 1.3,2.2 Repeat Missions. Repeating a previously flown mission with 
complete prelaunch data shall require 17 working days prior to launch. 
3.1.3.2.3 Alternate Mission. An alternate mission shall be inter- 
changeable with a specified primary mission up to 17 working days prior 
to launch. 
Cre eres i: Mission Duration. A nominal mission shall consist of a total of 
iaht astive days of flight. During the active periods the orbital vehicle 
ahall De attitude stabi lized with command links operating and with the 
vrbital programmer controlling the payload and orbital housekeeping 
functions, The system shall be capable of entering a passive period 
lasting up to 11 days, either during or immediately following the active 
tlicht. The system functional description is included in section 3.1.5. 
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3.1.3.4 Recovery Capability. The system shall provide both primary 
and independent backup subsystems for ejecting recoverable capsules. 
Detail of the recovery system shall be as specified in section 3.1.12 of 
this specification. 


3.1.4 Flight Systern Elements. For the purposes of this specification, 
the flight system shall consist of the Thor booster, the radio guidance 
system, the Agena orbital vehicle, and the primary payload. These 
flight system clements shall contribute to the overall mission by per- 
forming the following functions: 


3.1.4.1 Thrust Augmented Thor (TAT) Booster. The function of the 
Thor booster s e to deliver the orbital vehicle with payloads to a 
predetermined point in space with a predetermined velocity vector. The 
Thor booster's -ontribution to the satellites’ orbital energy and the Thor 
Looster's error contributions to final orbital parameter errors are 
specified in section 3.1.8 of this specification, The Thor booster shall 
be used for providing the initial lift-off, thrust, and flight control re- 
auired fur launching a space flight payioad. The Thor/Agena/primary 
payload cogfiguration is shown in Figure 2, The Thor booster shall be 
a vertically-launched, liquid-fueled space booster powered by a main, 
gimballed rocket engine and three thrust-augmentation rocket engines. 
The main engine shall provide pitch and yaw control by gimballing. in 


the pitch and yaw planes during the powered flight phase, Two gimballed. ok 


vernier rocket engines shall provide roll control and shall augment the 
rnain engine to provide pitch and yaw attitude control prior to main 
engine cutoff (AiIECO). Three solid propellant rocket engines shall 
supplement the thrust of the main liquid-propellant engine. They shall 
be mounted externally on the aft section of the booster and shall be 
jettisoned after their burnout. The booster: shall be controlled by the 
flight controller (DAC Drawing 1B07688) during powered flight. The 
flight controller shall maintain vehicle stability and shall direct the 
vehicle to the guidance initiation point. The operational tolerances at 
MECO shall be plus or minus tour degrees in tlight path angle, five 
nautical miles in position, and 500 feet per second in velocity (without 
radio guidance), With radio guidance, ground initiated signals may be 
received in the vehicle to cause the main engine to gimbal pitch and yaw 
attitude rates of 1 2 degrees per second. An accuracy of within one 
percent wf the computed radio guidance steering commands shall be 
achieved, Radio guidance steering shall be enabled by the ‘light 
Jontroller and shall be terminated by the radio cuidance cor:mans or 
by the dicght controller at ur near “fECO. The shor Booster shall 
conforin tu DS-2345A ‘Detail Specification DSV -C (DEVedA' Space 
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3.1.4.2 Agena (Model 39205). The Agena shall perform both ascent 
and orbital functions. The ascent functions of the Agena shall be to: 


a. Provide a means for relaying radio guidance correction com- 
mands to the booster during ascent. , 


b. Provide thrust with an oriented vector for injection of the 
Agena with payloads. 


The on-orbit functions of the Agena shall be to: 


a. Providea stable test platform for both the primary payload 
and secondary payload. 


b. Provide the required electrical power to the payloads. 


c. Provide a means for real-time commanding and stored-program 

2 commanding of the payloads. 

< 

d. Provide a means for sending payload information back to the 
ground. 


e. Provide a means for ejecting two recoverable capsules from 
orbit. 


The Agena vehicle shall be a liquid-fueled second stage booster, launched 
by a Thor (SLV-2A) booster, and powered by a gimballed rocket engine 
which shall orovide pitch and yaw control] during powered flight. The 
venicle shall house and support the system components and modules 
that cumprise the Program GRB Model 39205, The vehicle shall provide 
pat. ‘lite attitude, environmental protection, anda support platform for 
the payloads and required flight equipment. The four major sections 

eo: the vehicle shall be the forward section, the tank section, the aft 
section, and the booster adapter section. The forward section shall 
have mounting provisions for the Program Qj payloads, and shall 
accommodate the major part of the basic vehicle system equipment. 
The tank scction shall consist of integrally constructed, dual-chamber 
propellant tanks which shall supply the vehicle rocket engine. The 

aft section shall provide support for required system equipment in- 
cluding the rocket engine, structural assembly, gas reaction jets, and 
hydraulic system. The booster adapter section, which shall attach 

tu the aft part of the tank section, shall be designed to support the 
entire Agena vehicle with payloads when attached to the Thor booster, 

\t separation of the Agena vchicle from the Thor booster during the 


a> ont phase, the adapter section shall remain attached to the Thor 
booster, 


The propulsion system shall consist of a rocket engine and components 
required to develop a nominal thrust of 16,000 pounds. The engine shall 
be designed for a nominal thrust duration of 240 seconds. The propel- 
lants used for engine operation shall be unsymmetrical dimethylhydrazine 


\ 
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(UDMH) and inhibited red fuming nitric acid (IRFNA). The propellant 
tanks shall be pressurized with helium to insure proper propellant 
pump operation. 


An electrical system shall be provided to supply electrical power to 
operate vehicle electrical equipment. 


A guidance and control system shall be provided. 


Vehicle electronic equipment shall be provided for command, orbital 
programming, gathering and transmitting telemetry data, and for 
tracking functions, 


3, 1.4.3 Radio Guidance System. The function of the Radio Guidance 
shall be to increase guidance accuracy by providing real-time sequenced 
events and real-time steering corrections to the Thor booster and to 
the Agena vehicle during their boosting phases. Steering corrections 
implemented by the radio guidance shall be in the nature of vernier 
currections, and if none are received, the onboard guidance shall 
continue to function in the pre-programmed inertial mode. Similarly, 
the sequenced events, namely, booster MECO and separation, and 
Agena timer start and velocity meter enable, shall be actuated by the 
program timers if they are not commanded by the radio guidance 
system. Henge, failure of the onboard radio guidance equipment, lack 
of adequate tracking data, failure of the ground-to-vehicle radio com- 
mand link, or failure in the ground computer facility shall not interfere 
with the standard inertial guidance mode of operation. The vehicle- 
burne functional components of the radio guidance system shall include 

radar transponder to aid ground tracking, a command receiver, and 
circuitry for utilizing the RF commands to control various activities 
wi the Agena guidance system components. The ground-based com- 
ponents of the radio guidance system shall include a radar tracking 
station, which tracks the vehicle and transmits RF commands, anda 
computer which processes the tracking data, computes trajectory 
corrections, and issues stecring commands and timely discrete com- 
mands. The radio guidance system shall have capability for seven 
command signal formats, but only five shall be used for Program 
These include the four steering commands (pitch up, pitch down, yaw 
ricght, yaw left) plus a discrete signal, 


The steering commands shall cause attitude changes of the vehicle 
during engine burn to implement thrust vector corrections, These 
cecrrections shall result from the computer calculation of anticipated 
vutory conditions repeatedly predicted from the radar tracking data 

and «ontinuously compared with the desired vAlocity state of the vehicle 
at cutoti, The radio guidance system shall not force the vehicle to fly 
a nominal tlight path, but shall command steering corrections to assure 
a specified velocity vector at cutoff. 
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The discrete command shall be a specific pulse group transmitted to the 
radio guidance receiver each time the Ledex switch is to be triggered to 
a new sequenced position. Four Ledex switch positions shall be used 
for the Agena. The ''sequence-zero" position shall be an open cigcuit, ; 
The ''sequence 1" position shall energize the booster MECO and release 
the Agena standard D-timer brake. The "sequence 2" position shall 
cause booster separation. The 'sequence 3" position shall enable the 
velocity meter which, after a preset velocity-to-be-gained is achieved, 
commands the Agena engine. 


3.1.4.4 Primary Payload, The primary payload shall perform the 
functions Specified in section 3,1.15 of this specification. 


3.1.4.5 System Exclusions. Although aerospace ground equipment 
(AGE) and the tracking Station network are necessary components of the 
Program Satellite System, these shall be considered ancillary for 
purposes of this specification and shall not be specified in this specifi- 
cation. However, this specification shall cover the electrical and 
mechanical interfaces between the system and AGE and also shall cover 
the RF intertace between the system and a typical tracking station. The 
System's capability to accommodate and support secondary payloads 
shall be included in this specification. However, the secondary payloads, 
which vary from vehicle to vehicle, shall not be included as a part of | 
the system as defined for this specification, except for Link 2 telemetry 
which is considered standard equipment even though it is physically 
located on the secondary payload side at the interface. 


s 


3.1.5 System Functional Description. A nominal ascent program shall 
be programmed by the booster programmer for the Thor boosting phase 
o: the flight, and by the Standard D-Timer for the Agena boosting phase, 
Refinements of the trajectory shall be provided ip the form of pitch and 
yas corrections to the Thor and Agena by the radio guidance system. 
ihe radio guidance system also shall command major events such as 
MECO (main engine cut off), stage separation, and velocity meter 
enable. These functions shall be as described in section 3.1.11. 
Foliowing injection into orbit the Agena with payloads shall be yawed 
into a tail-first attitude and stabilized in this attitude. The orbital 
programmer shall provide programming for payload events and vehicle 
housekeeping functions such as turning on telemetry links and the S-Band 
coinmand and tracking link during station acquisition. The S-Band link 
shall provide real time commands to the payloads, and to the vehicle 

sor housekeeping functions. Two VHF Zeke command links shall provide 
real tirne commands to vehicle functions. 

The vehicle shall be capable of entering a passive mode on command, 
Durins the passive mode the vehicle shall tumble to maintain temperature 
stability. All electrical power shall be shut off with the exception of 
auxiliary power to the secondary payloads, the Zeke Command link, and 
teleumeter Link 1, which can be turned on by command. 
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Reactivation shall be by command. One complete deactivate-reactivate 
sequence shall be possible. The reactivation shall be limited geographi- 
cally to the station at which deactivation occurred. 


A primary recovery system shall be provided as well as a backup 
system. The primary recovery shall be selected and enabled by real 
time command, Initiation of the primary recovery sequence shall be 
by the H-Timer. The orbital test vehicle shall eject the recoverable 
capsule at an optimum retro-firing attitude. The secondary recovery 
system shall be an independent system capable of ejecting the capsule 
in the event of primary system failure. 


3.1.6 System Interface Requirements. Prior to specifying specific 
interface requirements, the Command, information, and power flows 


are discussed, 


3.1.6.1 Command Flow. The system shall utilize stored program 
commands and real time commands. During the Thor boost, stored 
program events shall be programmed by the booster programmer. Real 
time events shall be commanded through the radio guidance system or 
through the range safety link. During the Agena boost the Standard 
D-Timer shall program stored program events. The real time event 
shall be commanded through the radio guidance system. During the 
orbit phase stored program commands shall originate in the orbital | 
programmer. Real time commands shall be sent by either the Zeke 

or 5-Band cummand links. The recovery events shall be programmed 
by vitner the recovery timer or the lifeboat timer. Deactivate and 
reactivate sequences shall be programmed by the Standard D-Timer. 
During ground testing, urmmbilicals and test plugs shall handle all corn- 
mands necessary to assure flight readiness, The general command 
itow shall be as shown in Figure 3. Detailed requirements for com- 
mand and tracking are specified in section 3.1.14, 

3,1,6.2 Information Flow. Booster diagnostic and status information 
shail be transmitted via a booster telemetry link. See Figure 4. Details 
af the booster telemetry link are specified in section 3.1.13. Link 1 
shail handle payload information as well as Agena status information. 
Details of Link | are specified in section 3.1.13. 

Link 2 shall handle selected Agena status information redundantly, as 
well as secondary payload information. In addition Link 2 shall be used 
t. record and transmit primary payload data when required by the 
particular primary payload being flown. Detailed requirements for 


Link 4 are specified in section 3.1.13. 


During the recovery operation, primary payload status data shall be 


transmitted via a capsule telemetry link. Requirements for this link 
are specified in section 3.1.13. 
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During ground testing, umbilicals shall be provided to handle all status 
and diagnostic information necessary to assure flight readiness. 


3.1.6.3 Power Flow. The booster shall be provided with an electrical 
power system as a source of 115 volt ac, 3-phase, 400 cps power, and 
28 volt dc power as required by the various booster equipment. The 
electrical power distribution shall be as shown in Figure 5. During 
ground operations and check-out, power shall be provided by means of 
umbilical connectors. The orbital test vehicle shall be provided with an 
electrical power system as a source of 115 volt ac, 3-phase, 400 cps, 
power and 28 volt dc regulated and unregulated power as required by the 
Agena orbital vehicle, the primary payload and the secondary payloads. 
The primary payload shall provide its own power during recovery only. 


3.1.6.4 System Internal Interfaces. The interfaces internal to the 


systern shall be as specified in the following subparagraphs. 


3.1.6.4.1 Thor/Agena Interface. Because the Thor adapter shall be 
used to mate the Thor to the Agena, there shall be two distinct inter- 
faces involved, namely, 1) The Thor/booster adapter and 2) Agena/ 
Looster adapter interfaces. 


3,1.6.4.1.1 Mechanical Interface. The Agena/adapter mechanical] 
interface shalf be located at 5-O15 station 384.0. The Thor/booster 
adapter mechanical interface shal} be located at S-O1B station 492. 21 
(s..V-2A station 107), The booster shall be finally mated to the Agena 
at the Thor/booster adapter interface, but shall separate at the Agena/ 
adapter intertace by detonation of an explosive cord encircling the 
station. The mechanical interface shall conform with LMSC Drawing 
1345366B, "LV-2A, SLV-2/Standard Agena Mechanical Interface," 


3.1.6.4.1.2 Electrical Interface. The Thor/booster adapter electrical 
interface shalf consist of one connector, P106, which carries commands. 
Sec Figure 6. The Agena/booster adapter electrical interface shall 
consist of two connectors; P700, which carries commands, and P70], 
which provides tor instrumentation. P701 shall provide for 8 tempera- 
ture transducer outputs. P106 and P701 shall provide for radio guidance 
steering commands to the booster. P106 shall provide for two re- 
‘dundant sets of destruct signals. Backup destruct signals shall be 
provided by a separation switch which shall actuate on premature sepa- 
ration. P106 and P701 shall carry sequence 1! and 2 enable signals from 
the Thor booster timer. P106 and P701 shall provide for carrying the 
radio guidance MECO command from the Agena to the Booster, back 

t the adapter to disarm the destruct system, and back to the Agena to 
start the standard D-timer. The vernier engine cut-off (VECO) com- 
mand shall cross P106 to provide a backup disarm to the destruct system. 
This signal shall cross P701 to actuate appropriate Agena functions. The 
separation signal shall cross from radio guidance and from the D-timer 
through P700 to the separation detqnator and retro rockets located in 

the adapter. The clectrical interface shall conform to LMSC Drawing 
1398571, '"SLV-2A/S-O1B Electrical Interface", 
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3.1.6.4.2 Agena/Radio Guidance System Interface. The interface 
between the Agena and the vehicle borne radio guidance equipment shall 
be the equipment mounting brackets and one electrical connector. 


3.1.6.4.2.1 Mechanical Interface. The vehicle-borne radio guidance 
group with antennas sha e mounted in the Agena vehicle in accordance 
with the requirements of LMSC Drawings 1397367 (S-O1B) and 1365461 


(Program 





3.1.6,4.2.2 Electrical Interface. The signal interface between the 
radio guidance system and the Agena shall be essentially passive and 
shall be fail-safe. In addition to DC power, the operating interface 

shall consist of four gyro torquing reference signals from the guidance 
units, two gyro torquing signal channels from the radio guidance system, 
plus three discrete signal sequenced circuits. The gyro torquing signals 
shall originate within each stage and the appropriate pitch and yaw signals — 
{urn or down, right or left) shall be switched into the two return lines as 
a result of RF signal actuation of the steering relays. The MECO and 
buoster separation signal voltages shall originate within the booster, 

and the velocity meter enable signal voltage shall originate within the 
Agena guidance system. These circuits shall be closed by response of 
the Ledex switch to the radio guidance discrete signal, Failure of the 
radio guidance system to supply steering or discrete commands shall 
not interfere with normal operation of the onboard systems in their — 
norrnal inertial modes. The remainder of the interface shall he telem- 
etry monitors and test and checkout circuits. Telemetry outputs shall 
monitor the transponder magnetron current, the transfer relays which 
switch the radio guidance system from the booster to the Agena atter 
first stage separation, the command receiver AGC, and a combined 
function monitor whose output voltage level indicates various combina- 
tions of sequence stepper, steering relays, and discrete signal actuated 
circuits functioning at the time. Also, there shall be several circuits 
which shall be used only during installation, systems test, and ground 
checkout, and which shall permit operation, cycling, or lockout of 
various Components. 





3.1.6.4.3 Agena/Primary Payload Interface. 


3.1,.6.4.3.1 Mechanical Interface. The Agena/primary payload 
mechanical interface shall, conform with LMSC Drawing 1324216, 
“Vehicle /Payload Mechanical Interface". 


3. 1.0.4.3,2 Electrical Interface. The Agena/primary payload 
electrical interface shall consist of plugs designated AP21, 22, 23 and 
zi. See Figure 7. These plugs are designated as the Pyro, ‘Power, 
‘urmimand, and Telemetry connectors, respectively. 


a. <AP2l, the Pyro Connector, shall provide for the following: 


1) Two complete pyro circuits 


2) The following events signals: 
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a) Agena engine burnout 
b) Capsule Arm \ 
c) Capsule Transfer 
d) Capsule Separate 
e) Transfer to Experiment #2 
f) Deactivate Command 
g) In Flight Reset (Booster Separation) 
3) The following monitors 
a) Pyro-Mode Monitor (C-6) 
b) Advanced Payload Monitor (AP-21) 
AP22, the Power Connector, shall provide for the following: 
1) Four circuits of unregulated plus 28 VDC . . 
2) Two circuits of regulated plus 28 VDC 
3) Two circuits of regulated minus 28 VDC 
4) Two circuits of single phase, 400 cps, 115 VAC 


AP2 3, the Ccmmand Connector, shall provide for the 
following: 


1) Twenty-six orbital programmer channels 
2) Seven S-Band commands 


3) Three primary payload controls from the Agena 
umbilical 


+) Four tape recorder control commands from the primary 
payload to the secondary payload interface. 


AP24, the Telemetry Connector, shall consist of the 
following: 


1} Twenty-five telemetry monitors from the primary 
payload 


2) Twelve umbilical monitors. 
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3) Primary payload telemetry on/off control 


4) Three primary payload controls from the Agena 
Umbilical 


5) Pitch and roll channels from the Agena guidance to 
the primary payload. , 


3.1.6.4.4 Agena/Secondary Payload Interface. 


3,1.6.4.4.1 Mechanical Interface. The secondary payloads shall be 
mounted on the aft racks of the Agena. LMSC Drawings 1363999 and 
1358140 specify the hole patterns for mounting secondary payload panels 
on the Agena. Space envelopes shall be as specified in section 3.1.16 
(Secondary Payloads). 


3.1.6.,4.4.2 Electrical Interface, The electrical interface for the . 
-\gena/secondary payload is shown in Figure 45 of section 3.1.16. 


a. ClI317, Telemetry Connector, This connector shall have 
provisions for carrying Commutated vehicle status infor- 
mation from the Agena to the secondary payload to be 
transmitted over Link 2. Power for the vehicle commutator 
shall be supplied through this connector to be applied when- 
ever Link 2 is functioning. Primary payload information 
to be recorded on two tracks shall cross through their con- 
nector to the secondary payload. Six individual vehicle status 
measurements shall cross this connector for commutation 
and transmission by Link 2. Fifteen secondpry payload 
measurements shall cross to the Agena for commutation and 
transmission by Link 1. 


tb. C1J318X, RF Connector. This connector shall carry the 
output of the Cink 2 transmitter located on the secondary 
payload side of the interface to the Agena umbilical for 
monitoring Link 2 status prior to liftoff, 


c. C60P2X, Command Connector, This connector shall carry 
power in the form of 28 VDC unregulated and 28 VDC auxiliary 


to the secondary payloads. Ten channels of programmed 
events shall be provided from the Agena orbital programmer 
to the secondary payload for experimental events, Two ad- 
ditional channels shall be provided to control Link 2. A tape 
recorder "'read-in" and ''stop'' command shall be provided 

to the Link 2 tape recorder. Other commands from the 
Agena to the secondary payload shall include 'TLM Disable", 
“TLM Switch to Orbit Mode", 'Deactivate,"' and "Reactivate". 
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d. J350X, Pyro Connector. The pyro connector shall provide 
pyro power to the secondary payload, 


e. J-333X, System F Connector, This connector shall provide 
the interface between the Agena and System F, an optional 
payload. This connector shall provide to System F four 
stored program commands, a real time command and plus 
28 VDC unregulated power. The system shall provide, 
through this connector, four commands to the control] and 
guidance system as well as a monitor to the umbilical. 


tf. J-337X, System A Connector. This connector shall interface 
the Agena with System A, A real time command and two 
stored comrnands as well as power shall be provided to the 
system by means of this connector. 


3.1.6.5 System External Interfaces. 


3.1.6.5. Thor/AGE Interface, The Thor shall mate electrically and 
mechanically with Aerospace Ground Equipment (AGE) by means of 
unibilicals and test connectors. These umbilicals and test connectors 
shall be capable of handling all the signals and information necessary 
to assure flight readiness as well as handling the propellant and gases 
necessary for servicing the Thor for launch, 


3.1.6.5,1.1 Mechanical Interface. The mechanical interfaces of 
umbilicals shall conform to DAC Drawing (Drawing to 
be provided by DAC when available) 


3,1,6,5,1.2 Electrical Interface. The electrical interfaces shall 
conform to DAC Drawing . (Drawing to be provided by 


DAC when available, ) ‘ 
3.1.6.5.2 Agena/AGE Interfaces. The Agena shall mate electrically 
and mechanically with Aerospace Ground Equipment (AGE) by means 


ot umbilicals and test connectors. 


2.1.6.5.2.1 Mechanical Interface. The mechanical umbilicais shall 
provide tor propellant and gas loading as well as vehicle thermal control, 
The mechanical interfaces for mechanical as wellas electrical con- 
nectors shall be as specified in LMSC Drawing 1399138. 

3.1.6.5.2.2 Electrical Interface. The electrical umbilical and test 
piugs shall be as specified in LMSC Drawing 1399138 and shall provide 
access to system functions for purposes of system-test fault igcalion 
down to a major module or component, and determination of flight 
readiness. Pin assignments on test plugs and umbilicals shall be as 
speciztied in LMSC/A068386. 


3.1.6.5.3 Primary Payload/AGE Interface. The primary payload/AGE 


interface shall be as specified in section 3.1.15. 
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3.1.6.5.4 Thor/Tracking Station Interface. The Thor/tracking station 
interface shall consist of a Range Safety command link and a telemetry 
link, The Range Safety signal shall conform to existing range safety 
requirements. The booster telemetry shall be of the pulse duration 
modulation/frequency modulation/frequency modulation type. The RF 
signal shall meet the requirements of DAC Drawing 1418680. Per- 
formance requirements for the booster telemetry system are specified ° 
in section 3.1.13 of this specification, 


3.1.6.5.5 Airborne Radio Guidance/Guidance Radar Interface. The 
wieLorae radio guidance equipment shall interface the radar station 

via an X-band radar link. The RF signal from the tracking station to 
the airborne equipment shall consist of a series of pulses which are 
spaced in such a way as to provide an address and any one of five 
commands. On acceptance of a proper address the airborne transponder 
shall transmit a pulse for tracking. The RF signal requirements are 
specified in Western Electric Specification G.S. 10-900. The air- 
borne equipment requirements are specified in Western Electric Speci- 
fication G.S. 64-250. Performance requirements for the radio guidance 
system are specitied in section 3,1, 14 of this specification. 


3.1.6.5.6 Agena/Tracking Station Interface, The Agena/tracking 
station “intectace shall consist of two FM/FM telemetry links, a VHF 
amplitude modulated command link and an S-Band radar command and 
tracking link. The requirements for the above links are specified in 
LMSC 1414691. Performance requirements for the telemetry are 
scecified in section 3.1.13 of this specification. Performance require- 
ments for the command system are specified in section 3.1.14 of this 
specitication, 


1.6.5.7 Primary Payload/Recovery Force Interface, The primary 
payload/recovery force interface shall consist of an FM/FM telemetry 
{ink and a pulse coded beacon. Requirements for these signals are 
specified in section 3,1.1]2. ‘ 
3.1.7 System Weight Capability. The capability of the system to place 
a viven wetgnt in orbit sha e a function of the required orbit and the 
ascent system guidance and propulsion parameters. Nominal weight 
capabilities of the Thor/Agena ascent system are presented in this 
section, Curves showing typical orbital lifetime versus perigee altitudes 
are shown in Figure 8. The Thor booster shall establish initial velocity 
vectors for the Agena stagc. The Thor booster payload is 13, 805 
pounds (nominal) greater than the Empty Weight On Orbit (EWO) of the 
urbiting Agena, representing the weight loss (including the propellant 
dump’ of the Agena stage as it increases the Agena energy to meet 
jection requirements. Figure 9,shows the required booster capability 
based on 99,75 percent propellant utilization by the booster and in- 
jection into a 90 degree inclination orbit. The constant period lines 


ee, 








eight, Eccentricity), 4 to 10 Days 


0 
LIFE TIME, DAYS 


Figure 8. Lifetime, f (Perigee Altitude, Payload W 


Stable Flight 


/ 


1417524 


SPEC NO. 


1965 


DATE 8 Januar 


UOISSTIPF UOTJEUTT SUT 996 (po199edxKq) 9381S ODUA ADISCOG *6 aandty 


SATIW TVDILAYN — SONLIL IV OD3A 





SILANIW g°Se 





; ™ 
SILANIW poe ~ Lo 


(LSVOD NOS) GOlNad YAIdIN LNVLSNOD ——— SANNOd 008'9l 
GVOTAVd Y31SO08 LNVLSNOD 


~ SGNNOYS 0024 
Pi ere eee ROE eee bles Pe ete ie 








| 
inl 
Lk 





Y 905"tt 
oog'it 
o0d'Lt 
008'll 
006'Lt 
000'21 
ool ’zt 
002 ‘Zt 
aoe ’2 1 


oor ‘ZI 


Sdd - ALIDOTSA TVILYSANI ODSA 


25 


‘ SPEC NO. 1417524 | 


DATE 8 January 1965 


of Figure 9 represent constant energy per slug mass. Since the period 
range is 90 to 92 minutes, it may be seen that the booster provides 
approximately 40 percent of the energy per slug mass of the satellite. 


3.1.7.1 Empty Weight On Orbit (EWO). The EWO capability of the 
ascent system shall be 3595 pounds for injection to an orbit a 


a. 90.1 minute period 

b. 90 degree inclination 

c. 100 nautical mile injection altitude (perigee at injection) 
d. Launch from VAFB 

e. 65 second bottle drop 


The EWO shall include the dry weight of the basic vehicle (1587 pounds), 
batteries, control gas at injection, and payloads of the Agena vehicle, 
The EWO capability shali te baeed on specified values of performance 
parameters. .\ contingency ailowance of 60 pounds shall be provided 

tu protect against permissible random variation about specified per- 
formance values, The 6( pound allowance shall provide 90 percent 
probability of establishing a desired accuracy when the EWO capability 
is based on propulsion system calibration (TAG) data. Figure 10 shows 
variations of this contingency as a function of probability of SUCCES =: 


3.14,7.2 Wight Capabi lity Variations. The system weight capability 


shail vary w ith changes in orbital parameters and operating conditions. 
Fieure 11 shows the variations in weight capability for variations in 
erbit period and injection altitude tor 90 degree inclination orbits. The 
constant eccentricity lines of Figure 1] shall apply when injection is at 
the orbit perigee, When injection is at the perigee, the latitude of the 
perigee shall be relatively fixed by the pad location. When the perigee 
latitude is rotated, the injection radius must be greater than the perigee 
racius. Figure 12 shows the radius increment required (as altitude 
variation over a spherical earth) for variations in inclination and ec- 
centricity. Eccentricity may be obtained from Figure 11, reading the 
injection altitude as perigee altitude. The 215 degree inclination implies 
northerly launches and is equivalent to 145 degrees based on conventional 
inclination angle definitions. The radius of the (oblate) earth varies with 
latitude This must be considered in using Figure 11 to get the weight 
cavability for rotated perigee cases. Figure 13 shows the earth radius 
variations with latitude, When synchronous orbits are specified, the 
corresponding period must be established to enter Figure 11. Figures 
1+ anc 15 show periods required for various "days synchronous", and 
variations in orbit inclination and perigee altitude, A synchronous orbit 
is defined as an orbit with the descending node of the recovery pass of 
the required ‘'synchronous" day within one-half of one degree of longitude 
oi the descending node of the first recovery pass after launch, 
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NOTE: 1) VAFB LAUNCH 
2) 90° INCLINATION 
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The required period shall be established based on nominal vehicle 
system performance. The system weight capability shall vary with 
the orbit inclination and pad location (due to' earth rotational effects) 
as shown in Figure 16. For low inclinations (below approximately 

85 degrees) dog-leg maneuvers shall be required due to range satiety 
limits on launch azimuth. The launch azimuth limit shall be 170 
degrees at PALC and 175 degrees at the VAFB complex. This allows” 
lower inclinations from PALC without the dog-leg maneuver and allows 
better earth rotation velocity recovery from PALC. Relative pad 
locations allow a five-second earlier bottle drop from PALC giving 
approximately 15 pounds weight capability advantage to PALC launches 
relativeio VAFB launches. 


3.1.8 Injection Accuracy. Detailed analyses of the interaction of 
crror sources and orbit selected shall be performed to determine 
expected accuracies as each orLit is selected. The error sources 
used for these analyses shall be those defined in the Trajectory Per- 
formance Model, LMISC/A315106B, in effect at the time of orbit 


selection. 


3.1.8.1 Error Sources. Table I provides a list of error sources and 
their effect on selected orbit parameters for a typical mission. Table 
Il indicates the percentage of error attributable to the three major 
contributors: booster, guidance, and second stage. 


3,4.8.2 Accuracy Limits. For missions within the altitude inclination 
and period ranges ind‘cated in Figures 11 and 16, accuracy limits shall 


be within the rollowing valucs: 


a. Period: Plus 0.25 Minutes 
Minus 0,25 Minutes 


o. Perigee Altitude: Plus 17 nautical miles 
Minus 19 nautical miles 


c. Argument of Perigec: Plus 18 degrees 
Minus 18 degrees 


cd. Inclination: Plus 0.18 degrees 
Minus 0.18 degrees 


3.1.9 Launch Reaction. 


4.1.9.1 TYreflight Data. Generation of certain preflight data shall be 


necessary to acline required hardware settings. The procedure for 
preparation of this data as defined by 
, fa be as follows: 


3.1.9.1.1 New Slission Preparation. New mission preparation shall 
be based un nominal propulsion system performance of a series and type 
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of vehicle system. A new mission shall be assigned no later than launch 
tninus 22 days (M-Day) and be prepared in accordance with the following 
schedule to bring the new-mission to repeat mission status: 


a. M-day: Q@MMMMB shall assign two missions, designated 
"Primary' and "Alternate", to be flown. One 
mission shall be a repeat mission. One may 
be a new mission. If two repeat missions are 
assigned the schedule outlined for repeat mis- 
sions shall apply. 


b M#1: LMSC shall transmit a Range Safety Supple- 
mental Flight Data TWX to VAFB and PMR. 


c. M +3: LMSC shall transmit a nominal ascent trajectory 
for the new mission to Douglas Aircraft Corp- 
oration (DAC) and Bell Telephone Laboratories 
(BTL). 


a. Mt 4: LMSC shall complete the new mission ephemeris 
for internal use. 


e. M+4: LMSC shall transmit Range Safety nominal ~ 
trajectory (magnetic tape) for the new mission 
to VAFB. 

UR Saree DAC shall complete ascent program settings for 


the new mission, 


ge. M+ 6: BTL shall transmit guidance coefficients (IBM 
card deck) for the new mission to LMSC and 
Univac. 


3.1.9.1,2 Repeat Mission Preparation. Repeat mission preparation 
shall be based on propulsion system calibration (TAG) data of a specif?< 
vehicle systém. A repcat mission shall be assigned no later than launch 
mninus 17 days (i--17) and shall be prepared in accordance with the 
following schedule: 


a. Le- 17: aes shall assign a repeat mission as the 
flight mission, 


oe es DAC shall transmit the booster TAG perform- 
ance data for the flight mission to LMSC. 


ios 


©. Le le: LMSC shall transmit the orbital timer program 
for flight mission to VAFB. 


d. L-8: _ LMSC shall transmit the final TAG ascent 
trajectory for flight mission to DAC and BTL, 
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3.1.9.1. 3 QEBO ptions. QB may assign a primary and alternate 
mission of a specific vehicle at any time consistent with the schedules 


specified in paragraphs 3.1.9.1.1 and 3.1.9.1.2. One of these missions 
may be a new mission. The other mission shall be a repeat mission. 
However, selection between the primary and alternate missions shall 

be in accordance with paragraph 3.1.9,1.2. 

3.1.9.1.4 Lead Time Requirements. Lead time requirements for 
mission selection have been established to conform with Range Safety 
requirements and hardware preparation and checkout schedules neces- 
sary to support the scheduled launch date. 


3.1.9.2 Items Requiring Setting or Other Action. Items requiring 
setting or other action shall retade but shall not be limited to: 

a. Agena vehicle and payload painting for thermal control as 

determined from sun angle history. 

b, Agena recovery timer shorting connector patch 

c. Agena standard timer, velocity meter, and guidance antenna 

d. Satellite orbital program timer 

e. Booster flight controllers 

f, Ground control guidance computer controls 

eg. Satellite payload module(s) installed 

h. Batteries and control gas 
3.1.10 Orbital Lifetime. 
3.1.10.1 Draglife. The draglife of an orbiting vehicle, based on 
limited flicht data and theoretical considerations, is estimated to be 
within 25 percent of the lifetime shown in Figure 8 (section 3.1.7). 
The existence of many physical characteristics which directly influence 
orbital lifet#me have been observed. However, to date these variables 
are not well understood and their magnitudes have not been accurately 
determined, For these reasons absolutely accurate predictions of 
orbital lirctime are not possible, The physical variables which influence 
orbital lifeti re are: 


a. Atmospheric physical phenomena: 


(1) Diurnal bulge due to heating (primarily significant above 
130 nautical miles) 


(2) Daily and seasonal density variations 
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(3) Solar activity effects (ll-year cycle) 
(4) Atmospheric oblateness 
(5) Atmospheric tides 
b. Earth/orbit relationship: 
(1) Orbital plane inclination 
(2) Argument of perigee 
(3) Orbital plane/sun relationship 
(4) Earth's oblateness 
c. Wehicle contribution: 
(1) Stable versus tumbling flight modes 
(2) Tumble rate 
(3) In-orbit weight changes 


3.1.10.2 Battery Loading. Battery loading of the Agena shall be 
dependent on battery installation capability, performance capability, 
and mission power requirement. The maximum battery power output 
capability shall be five type IC batteries and the minimum battery 
power output capability shall be one type VI battery. However, the use 
of one type VI battery alune is impractical. The power capability and 
weight of various practical battery combinations are shown in Table III. 
The battery power capability shown in Table III is the 3 sigma low 
(99,87 percent probability of achieving or exceeding the power capa- 
bility shown!. The power capability of the batteries varies with 
temperature. Battery power provided shall exceed the minimum re- 
quirements by five percent. The battery weight capability is equal to 
the vehicle system weight-into-orbit capability less the vehicle and 
vayload weight. 


The mission power requirement shall be dependent on mission selection, 
such as active days, deactivated days, altitude and inclination. The 
nominal power usage and expected tolerances of the vehicle and pay- 
loads are shown in Table IV. The altitude and inclination shall affect 
the number of tracking stations acquired and the length of acquisition, 
thereture varying the power requirement, 


3.1.1.3 Control Gas. The predicted control gas expenditures for 

the primary and liteboat systems shall be as shown in Tables V and VI. 
These expenditures are based on computer analysis and post flight data, 
Tue control gas loading for the primary and lifeboat system to assure 
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that the required impulse is available for mission completion shall be 
as shown in Table VII. Control gas loading has been standardized to 
include all missions, configurations, and lifeboat requirements. The 
lifeboat system requires 555 lb-sec available impulse. Therefore, the 
lifeboat sphere volume dictates the control gas mixture. 


3.1.11 Guidance and Control System. The guidance and control system 
shail: ; 


a. Provide attitude, time, and velocity references sufficient 
to control the vehicle along the specified trajectory to ° 
attain the prescribed orbit; 


b. Provide attitude reference and control of the vehicle in orbit; 


c. Provide the proper attitude and commands for the recovery 
capsule, 


A block diagram of the guidance and control system is shown in Figure 17. 


3,1.11.1 Guidance System. 


3.1.11.1.1 Horizon Sensor. The horizon sensor (H/S) shall provide 
an earth reference for the vehicle by detecting infrared radiation con- 
trasts between earth and space. The horizon sensor shall generate 

a corresponding output which shall be transformed into pitch and roll 
error signals. These signals shall be fed to the inertial reference 
packace ‘IRP) in the form of torquing signals to the pitch, yaw, and 
reli gyrus tor vehicle attitude control. 


3.1.,11.1.2 Inertial Reference Package. The inertial reference package 
shail contain three single -degree~f-freedom rate-integrating gyros, 
cash individually oriented so that it senses the angular displacement 

oi the vehicle about one uf the three major vehicle axes, The primary 
function of the three gyros shall be to maintain the vehicle ina fixed 
attitude with respect to inertial space. The gyros shall detect the 
ditrerence between the attitude of the vehicle and the IRP reference 
attitude and shall generate an error signal with an amplitude proportional 
to the ditfercnce in attitude. This signal shall be processed through 

the tlight control (F/C) electronics to the pneumatic and/or hydraulic 
.omponents of the system. 


3.1,11,1.3 Velocity Meter. The velocity meter shall sense vehicle 
change in velocity over a specified period of the engine burn time and 
shall send a signal tor engine shutdown after the desired velocity has 
been avhieved, The velocity meter shall consist of an accelerometer, 
electronics package, anda counter. Acceleration of the vehicle shall 

be sensed by the accelerometer and shall be processed in the electronics 
package. The electronics package output shall be proportional to 
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vehicle acceleration. A pulse counter shall be used to count down the 
output of the electronics package and provide a switch closure when the 
required velocity has been achieved. 


3.1.11.1.4 Junction Boxes. The guidance and flight control junction 
boxes shall provide the electrical means of interconnecting the guidance 
and F/C components, gain change logic, telemetry (T/M) conditioning 
circuitry, and fixed torquing program circuits. A patch panel, which 
is part of the F/C I-Box, shall be utilized for making program peculiar 
modifications, 


3.1.11.1.5 Standard Timer. The standard timer shall dictate the 
seguence of euidance and Control system ascent, deactivate, and re- 
activate functions as well as switching for other vehicle functions. The 
standard timer shall be an electro-mechanical device consisting of 

72 cam-actuated switches and a three-phase motor. The timer setting 
resolution shall be 1.U second with a repeatability of 0.2 second. It 
shall be capable of a +4000 second maximum operation and of providing 
ea Giscrete events. 


3.1.41.1.6 Recovery Timer. The recovery timer shall be a solid 
state device utilizing core logic and latching relays. Its function shall 
be to provide the required recovery sequence, The recovery timer 
shall provide the capability for thirteen switching events. The re- 
covery timer shall be capable of being programmed for a maximum 
timing range of U tu 98, 304 seconds. The timer accuracy shall be 

f'. 5 second or 0.1] percent between events, whichever is greater. 


3.1, 41,1.7 Vehicle-Borne Radio Guidance Equipment. The vehicle- 
borne radio guidance equipment shall provide steering corrections to 
the Thor booster and the Agena guidance system (pitch and yaw gyros) 
during ascent. Discrete commands shal] be provided by the radio 
cuidance system for booster main engine cut-off, booster separation, 
and velocity meter enable (start). The main engine cutoff (MECO) 
cominand also shall start the standard timer. The radio guidance 
oyster shail utilize a tracking station and ground computer to provide 
toe thight trajectory corrections. 






Ss. }.11.2 Flight Control System. The principal function of the flight 
control system shall be to provide control of the vehicle attitude in 
response to sianals trom the guidance system. Both the hydraulics 
and pneumatics shall be.controlled by the IRP through the F/C 


vlectronics, During the engine sequence of operation, control of the 
thrust vector (pitch and yaw) shall be attained by the use of hydraulic 
a. tuators, Roll attitude shall be controlled by pneumatics. During 


aii other thases of operation the pneumatics control system shall 
wivtate vehicle attitude through the use of six thrust controllers for 
‘atch, yaw, and roll control, 
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3.1.11.2.1 Flight Control System Performance, Performance param- 
eters for the flight control system during the various phases of flight 
shall be as defined in the subsequent subparagraphs, The sequence 

of events and the times at which these events occur shall be in ac- 
cordance with the applicable flight sequence of events for each vehicle. 


}1,11.,2.1.,1 Pre-Launch Phase. The guidance and control system shall 
perform no function during this phase. The system shall be conditioned — 
for launch by application of power to the required equipment and loading 
of control gas. 


Oe is 14 .2.1.2 Boost Phase. The boost phase shall begin at launch and 
terminate at vernier engine shutdown. The standard timer brake shall 
be released by the radio guidance system MECO discrete at which time 
the standard timer shall begin operation. Subsequently, by the VECO 
command, the IRP gyros shall be uncaged providing the IRP reference 
for the vehicle, and the horizon sensor fairings shall be ejected. 


3.1. 11.2.1.3 Coast Phase. The coast phase shall be initiated with the 
comnimand separation discrete by radio guidance, Immediately following 
physical separation, control of the vehicle attitude and rates about all 
three axes shall be initiated, utilizing the vehicle reference attained 

at VECO. In addition, by utilizing the horizon sensor reference to the 


roll gyro, the roll axis shall be referenced to earth. wee aes # 





3.1.11.2.1.4 Orbital Boost Phise: The orbital boost phase shall 
becin with Agena engine ignition and shall terminate with Agena engine 
shutdown. During this phase the control about the pitch and yaw axes 
shall be provided by the hydraulic system, while roll shall be controlled 
by pneumatics. The guidance system shall be capable of maintaining 
the vehicle attitude within the following limits, assuming no disturbing 
torques: : 

a. “Pitch: Within plus or minus 1.3 degrees of the 

required pitch attitude 


b, Roll: Within plus or minus 0,8 degrees of the 
roll reference 


oO 


“Yaw: Within plus or minus 0.7 degrees of the 
required yaw attitude. 


“The above values are based on guidance performance excluding 
radio guidance. Refer to Table VIII for contributing guidance 
and control error sources, 


ata predetermined ‘remaining velocity-to-be-gained" point after ignition 
the radio guidance system shall enable or start the velocity meter (V/M). 
In turn, after the V/\ has counted through the preset velocity- -to-be- 
gained it shail command engine shutdown. The three sigma error in 
velocity-to-be-gained duc to the velocity meter shall be less than 0.1 per- 
cent of the preset velocity. 
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3.1.11.2.1.5 Orbital Conditioning/Reorientation Phase. The orbital 
conditioning/reorientation phase shart start with engine shutdown and 
shall terminate with yaw-around. The primary guidance function shall 
be to condition the vehicle for the orbit mode, i.e., activate pitch and 
yaw pneumatics, initiate oxidizer dump and fuel dump, initiate utilization 
of the horizon sensor pitch reference, and reorient the vehicle 180 de-. 
grecs about the yaw axis. Errors in the yaw-around attitude due to 
oxidizer and fuel dump torques, command program toleranee, and 
standard timer tolerance shall be corrected by the horizon sensor, 

The three sigma roll or yaw error at yaw-around termination shall be 
within plus or minus rine degrees. The horizon sensor shal] correct 
the offset encountered within approximately 30 minutes. 


3.1.11.2.1.6 Orbital Phase. In the orbital configuration the vehicle 
roll axis (X axis) is nominally along the local horizontal and in the plane 
of the orbit. The guidance and control system RSS limits of angular 
deviations of the vehicle from the required attitude shall be less than 
plus or minus 0.76 degree in pitch, plus or minus 0.73 degree in roll, 
and plus or minus 1.09 degrees in yaw. Refer to Table IX for contrib- 
uting guidance and control error sources. The limit cycle character-. 
istics shall be as follows for all three axes: er 


Maximum peak-to-peak amplitude: _ 1. 2 degrees : 
Rates: 60 decréee: per our. 


Period: <200 seconds 
@ 
NOTE: Unpeérturbed, except for steady-state torques of 
0.01 ft. -1ib. 


3.1.11.2.1.7 Recovery Phase. The guidance recovery phase s 
be eae with the start of the recovery timer. After timer start t 

guidance gains shall be switched to the ascent mode and the horizon 
sensor reference disconnected. In addition, the vehicle shall begi 
required pitch-over maneuver. Following the pitch down reori« 
of nominally 60 degrees, the control system error contribution tg 
angle between the vehicle longitudinal axis and the local horizontal 
shal! be within plus or minus 3.06 degrees, while the contributiog! 
the yaw deviations shall be within plus or minus 1.44 degrees, 4 
contributions to the roll deviations shall be within plus or minus 
degrecs. Subsequently the timer shall dictate the capsule eje 
after which the orbit gains are again invoked, the sensors ret 
and the timer reset. Contributing to guidance errors during 
are the initial conditions, the recovery timer, and pitch progr 
inaccuracies. Refer to Table X for contributing guidance and. 
error sources, 


3.1.11.2.1.8 Deactivate. The deactivate sequence shall be inti 
with a real-time command which starts the standard timer dea 
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cmay - 


Error Source 


Attitude Control 
Initial Condition with 
Ascent Deadbands 
Pitch Program Error 


Roll-Yaw Coupling w 16. 


Recovery Times Accuracy +0.5 sec, 
At Retro Ignition 
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sequence. The main func 
guidance system for reactéivat 
three-degree-per-second plus Pigees 0.3 agrees: -second tumble 
rate about the pitch axis for temperature stabilization, and to switch 
vehicle power to external (28 rilated bus OFF). Initially the 
vehicle shall attain the desit ed tumble rate but it may be affected by 
torques caused by leaks, aex6i 

result ina rate change 
relative to the length of 


Gecrease). Guidance limitations 
period are: 


a. The IRP gyt » shall always be above zero 


degrees F.. 


b. The H/S head 
20 degrees F- 


shall always be above minus 


3. be L122. 159 Reactivate. The reactivate sequence of the vehicle shall 
be fore by a rea nd which switches the vehicle back 


to internal power and "pte ed fandard timer. The guidance system 
IRP and horizon sens i ostat controlled heaters, armed 
during the deactivate mee,.‘gheli be repowered for approximately 
3060 seconds. This ‘@tm RP temperature to attain the 


® of plus 120 degrees F. In « 
sensor heads to heat-up above the 
ix the motors of plus 20 degrees F. 

} motors and horizon sensor motors, 
equence, shall be repowered and the 
.on. This shail facilitate the beginning 
he guidance system shall restabilize - 
ital parameters within 30 minutes (50 
minutes (99 percent confidence level). 


minimum spin-mé¢ 
addition, it shall 
minimum start t 
Subsequently, th 
turned off during t 
F/C pneumatics.s 
of the restabilizat 
the vehicle to the 
percent confidence 








The lifeboat (L/B) system shall be an 
up the primary recovery system, ‘It 


1.11.3 Lifeboat: 
auxiliary systern, by 


utilizes: 
: ‘ 
a. Ani dfiary RF command link between the 
gro oe athe orbiting vehicle, and 
b. Ani itude control system, 


functions provides redundancy of all 
SFY» except batteries. 


Availability of { 
significant asp 
rli.3.1 


boat system are 
and described: 


aents. The major components of the life- 
onship to each other are shown in Figure 18 
ent paragraphs. 
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baad 3.1.11.3.1.1 Zeke Communications Equipment. The Zeke equipment 
_. shall provide the communications link from the ground to the vehicle 


' for the lifeboat system. The Zeke system shall meet the requirements 
of section 3.1.14,2.3. 3. 


3.1.11.3.1.2 Control System Equipment. The function of the attitude 
control system shall be to align the vehicle with the earth's magnetic aed 
field vector. The attitude control equipment is specified in two general 

-. categories, namely, electronics and pneumatics. 


3.4.11.3.1.2.1 Electronics 





: S401 Soe. 1 Ma gn ctometer The magnetometer shall be the 
-attitude sensing device for the liteboat system. It shall be comprised 


of an electronics unit and a sensor unit. In the sensor unit there shall 

be three orthogonally arranged probes containing a highly permeable 

magnetic core surrounded by an excitation and a signal pickup winding. 

These probes shall sense rnagnetic field intensity along their sensitive 

axis and shall supply a signal, proportional to the intensity, to the 

electronics unit. The output signal shall be proportional to attitude 
offset about the lifeboat axes. 


3.1.11.3.1.2.1.2 Roll Rate Gyro. The function of the roll rate gyro .. 

. shall be to control the rate of charge of vehicle mation about the roll 
axis. It shall be designed to limit the motion to plus or minus one ~ 
degree per second for proper operation of the lifeboat system. The 
gyro shall sense the rate and shall supply a signal proportional to the 
rate into the F/C electronics roll channel. 


3.921 1.3.1.2.4.3 Flight Control.Electronics. The flight control 
electronics shall contain three electronic channels and telemetry 
monitoring circuitry. Its function shall be to accept signals from 


the magnetometers and rate gyro and to convert them into appropriate 
commands to the pneumatic system for control. 








3.1.11.3.1.2.1.4 Lifeboat Timer. The lifeboat timer shall bea 
sulid state device utilizing core logic and latching relays. Its function 
shall be to initiate the required lifeboat sequence. The timer shall 
provide the capability of thirteen switching events. It shall be capable 
of being programmed for a maximum timing range of 0 to 98, 304 
seconds. The timer accuracy shall be 0.5 second or 0.1 percent 
between events, whichever’is greater. 


3.1.11.3.1.2.1.5 Lifeboat Junction Box. The lifeboat junction box 
shall provide the clectrical means of interconnecting the lifeboat com- 
ponents. It also shall incorporate telemetry monitoring circuitry for 
the system functions, and landline control monitor points. 





3,1.41.3.1.2.2 Pneumatics: The pneumatics portion of the lifeboat. 
system shall provide the means for changing the vehicle attitude through 
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’ 


the use of six thrust controllers, supplied by a storage sphere through 
a pneumatic regulator, The valves shall operate with an ON/OFF 
type operation at a 10 pound nominal thrust level. The regulated 
pressure shall range from 110 to 130 psig. Utilization of squib valves 
in the primary and lifeboat systems allows turn ON/OFF control of the 
gas supply to the valves. 


3.1.11.3.2 System Performance. The lifeboat system shall be capable 
of orienting an unstable vehicle, having rates of up to 20 degrees per 
second along any axis, within 1.5 minutes, and holding the orientation 
for more than 30 seconds. The lifeboat system shall be capable of 
overcoming a guidance and control failure, a primary command system 
failure, and a combination of primary failures requiring immediate . 
action. Three basic modes of operation for the lifeboat system shall 
consist of two complete lifeboat modes using the lifeboat control and 
pneumatjc system, and one mode using only the lifeboat timer and Zeke 
system. The two complete lifeboat modes are designated U; and U3. 
The other mode is designated U2. The Lifeboat system is designed 

for a one-time per flight operation of the pneumatics. The usage of Uj} 
or U3 is therefor controlled by this requirement. The vehicle condi- 
tioning of the various lifeboat modes shall be accomplished through 

the Zeke link Type 8 decoder. Each of the modes shall have a Zeke 
unsecure Type 8 command assigned for it. The function of the command 
shall be to condition relays in the lifeboat junction box so as to enable =. 
the required mode functions. The timer start command shall be a 

Zeke secure command specifically assigned for this purpose, Two 
such’commands shall be available, enabling the start of the lifeboat 
timer twice per flight. For security purposes, the command used to 
start the lifeboat timer shall thereafter be permanently locked out by 
relay logic in the lifeboat junction box. In addition, the timer start 

event in each mode shail lock out the Zeke unsecure mode commands 

so that no inadvertent mode change command can enter while the 
sequence is in progress. The operational modes are described in the 
typical sequence of Table XI. The contributing recovery error sources 
from the Lifeboat system shall be as shown in Table XQ. 


3.1.11.3.2.1 U, Mode (Lifeboat Next-Orbit). The U; mode shall be 
designed for vehicle reorientation and Capsule recovery one orbit 
after the start of the lifeboat timer to overcome a failure of the 
primary guidance and contro] system where time is not a factor or 
immediate recovery is not ideal. This mode shall use the lifeboat 
control and pneumatic system for reorientation. Initially the system 
shall be conditioned to the mode by the applicable Zeke unsecure com- 
mand. Because U, is a complete lifetoat mode, using lifeboat pneu- 
matics, the primary pneumatics shall be turned off by activation of 
the normally-open squib valve at lifeboat timer start. Subsequently, 
approximately one orbit after timer start, the reorientation maneuver 
shall begin by the arming of the lifeboat pneumatics (activation of the 
normally closed squib valve) and the turning on of control system 

_ power. The total time from start of reorientation to capsule ejection 
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tas 2 seconds. The lifeboat junction box 


shall be 102.5 pla : 
‘the timer itself shall then be reconditioned to 


relays and subseg 
the reset position 


¢ (Recovery-Timer Next-Orbit). The U2 mode 







































3.1.11.3.2.2 Up 
is also designed © 
start. In the Ugn 
shall be initiated & 
lifeboat timer. 
be initiated by 
configuration o 
command conditf 
to a Up mode, 
timer Sail als ; 
orbit later, the hi 
for reorientation 
be reconditioned an 





gule recovery one orbit after lifeboat timer 
recovery reorientation and capsule functions — 
covery timer which shall be started by the 
bed for the U, mode, the Uz mode shall also 
ecure command, The U> mode is the launch 

t system. Therefore, in addition to the Zeke 
ndline reset.shall also condition the system 
rode the Zeke start signal for the lifeboat 

3 ‘ecovery timer power. Approximately one 
“timer shall start the recovery timer sequence 
‘écovery. Subsequently, the lifeboat system shall 
ne lifeboat timer reset. 


— 





3.1.11.3.2.3. Uy 
system control 
is required or @ 
able. The initiati 
this mode shi 

tating a pre 
start of reo 
102.5 plus o 
shall reset.,: 


(Lifeboat Real- Time). In the event of a primary 
degradation when immediate recovery 
‘the lifeboat real-time U3 mode shall be avail- 

@ reorientation and recovery sequences in 
ident with the lifeboat timer start event, facili-- le 
ft real-time usage of the system, - » Again the 2... 
through capsule separation sequence shall be 











3.1.22. b-§ ljegcription. The recovery system shall use a 


governmen ‘reentry subsystem, an LMSC parachute sub- 
system, &j go rnment-furnished recovery force. The recovery 
system ¢. capable of accommodating either one or two reentry 
vehicles The basic configuration,and system breakdown 


igure 19. The interface between the Agena and 
shall be as shown in Figures 20 and 21 fora 
bsystem configuration, respectively, The 

he recovery system shall be the return of pay- 
his shall be accomplished by separation of the 
from the Agena, de-orbiting, reentry, and subse- 
‘ployment and ablative shield separation. Recovery 
yy locating the descending capsule by means of re- 
complishing aerial recovery with a JC- 130B air- 
}in the event air recovery is not attempted, or 
psule shall float and shall be acquired by a surface 
torce, :, ‘ 


n-ejection shall be achieved on either north to south or 
passes over the Hawaiian recovery area by use of the 
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Figure 19. Recovery System 





-CONFIDENTIAE 65 
ee: a 





| Date 8 January 1965 


AGENA FAIRING 









EXPLOSIVE ELECTRICAL 
OISCONNECT 


PIN PULLER 


Figure 20. Single Reentry System 


- 2 CONFIDENTHAL- i 


SPEC NO. 1417524 | . 
CONFIDENTIAL eae 





EXPLOSIVE ELECTRICAL 
DISCONNECT (2 PLACES) 





PIN 


EJECTOR 
SPRING 





ze sale - as 
PIN 
PULLER 
Z\ 
TI 
f—X \ 
\ 
UMBILICAL Figure 21. - Double Reentry System 








“x ‘ 
POA Met ete 


































Agena primary guidance and control (G&C) system. Only north to south’ 
recovery shall be achieved by use of a backup guidance and control (G&C 
system (lifeboat). Ifa south to north recovery is utilized, air recovery © 
cannot be programmed as de-orbit would take place during the period = 
of darkness and the JC-130B aircraft are not equipped for same. Re-— 
covery thus must be by means of the surface force, 


Primary impact latitude for Hawaii recovery zone shal] be 24 degrees 

north on north to south and 16 degrees north for south to nerth pass 
See section 3.1,12.2 for operational limits and constraints that the 
reentry subsystem places on overall recovery system performanc 
correlative to the initial conditions resulting from the Agena orbit ‘: 
parameters and the G&C subsystem accuracies effects upon reenty’ 
system dispersion. 


The nominal sequence of events for the recovery system is shown in. 
Table XIII. _ Note that in the event the attitude control of the Agena 
and the reentry system separation commands are supplied by the — 
’ backup system (lifeboat), a change in the initial phases of the segs 

shall occur. See Table XIV. 


3.1.12.2 System Characteristics. 


3,1.12,2.1 Operational Capabilities. 


3.1.12,2.1.1 Primary Recovery System. The operational capabili 
of the primary recovery system shall be as shown in Figure 22 {6 

re-entry vehicle weight range of 230 to 308 pounds. Figure 
that re-entry vehicles within the assumed weight range can be 
cessfully placed into a north to south (NTS) or south to north 
reentry trajectory for impact at 24 degrees north latitude | 
16 degrees north latitude (STN) from orbits having any. com 
perigee altitude and period described by the envelope present 
data are based on the assumption that perigee was located b 
ceerces north latitude and the most northerly latitude attaiz 
an urbit inclination range of 60 degrees to 120 degrees, 


3.1.12.2.1.2 Backup Recovery System. The operational Sa 
of the back-up recovery system shall be as shown in Figur: 

for re-entry vehicle weights of 230 and 308 pounds, respec 
data presented indicate the various combinations of periges: 
and orbital period for which the system would permit the 
of reentry trajectories (north to south) terminating in imp 
degrees north latitude or less. Impact at 24 degrees north 
becomes less likely as the perigee altitude is increased an¢ 
location is rotated north beyond 30 degrees latitude. Th 
approximated limiting zones present the systems capabil 


recovery and indicate the most northerly nominal impact ] 
¢ 
é 













TABLF XIII or 
PETIMARY FECCVEPY SEQUENCE OF EVENTS: 
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Tolerance (Seconds) 
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3.1.12.2.2 Reentry Limitations. 


3,1.12.2.2,1 Thermal-Structural Capability. 


3.1.12.2,2.1.1 Primary Recovery System. The existence of opera- 
tional capability to successfully initsate a reentry trajectory from orbit - 
(Figure 22) shall not guarantee that the reentry vehicle will survive ~~ 
the associated thermal-structural environment. In fact, the opera- 
tional capability of the system shall be significantly reduced when 
therma!-structural limitations are imposed, The system capability 
limitations corresponding to a high probability of survival were obtained 
from a limited thermal-structural analysis effort. The results of the 
analysis are presented in Figures 25, 26, 27, and 28. The reduction 

in the system capability is obvious when Figures 25, 26, 27 and 28 are 
compared with Figure 22, The data indicate that the system capability 
is very sensitive to reentry vehicle weight and to the location of perigee, 
but rather insensitive to orbit inclination. 


Ree ee ee ee Backup System. The operational capability of the 

Dao Kup eee EE I eee weotiend. 1. 1¢.2.1.2 and the data 
oresented in Figures 23 and 24,-. These data were presente witha —-— epee noes oo 
consideration of the structural capability of the reentry vehicle to on paast 


survive the resulting environment as Spare terized Hy erate tems. 
perature histories and high structural loads. : 





Consequently, the back-up system capabilities (Figures 23 and 24) were 
cvaluated employing a criteria of a high probability of reentry survival. 
The results of this evaluation are presented in Figure 29 for the 230 
pound reentry vehicle. Comparison of Figures 23 and 29 dramatically 
indicates the drastic reduction in system capability, especially the 

high sensitivity to perigee location. 


With perigee located at its most northerly latitude (i = 60°, 81.8°) the 
20% pound reentry vehicle does not exhibit an ability to structurally 
survive the reentry environment for the range of parameters of 
Figure 24, However, it is intuitively felt that some capability does 
exist for orbits having perigees located at 30 degrees north latitude 
or less, but these cases were not evaluated. 


3.1.12.2.2.2 Terminal Deceleration. 


3.1,12.2.2.2.1 Parachute Recovery System. The parachute re- “. 
covery system sha e delined as a two parachute, three stage system. \ 
The system shall consist of a 5.4 diameter FIST ribbon deceleration 
parachute and a 29,6 foot diameter, 25 degree conical, ring-slot main . 
parachutc., The system shall include all associated GFE hardware and 


pyrotechnic devices. ee 
tet fe 
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RE-ENTRY VEHICLE WEIGHT = 308 L8S 
RETRO VELOCITY = 909 FPS 
RE-ENTRY= RORTH TO SOUTH 


i= ORBITAL PERIOD 
Ap © LATITUDE OF PERIGEE AT 90° <c-p <180° 
vp = ARGUMENT OF PERIGEE 


ESTIMATED 
= 81.8° 


ORBITAL PERIOD, MINUTES 





Figur: 2 28. Primary Reentry System Thermal- 
: Structural Capability 
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The MK5B parachute recovery system shall be capable of effecting the 
necessary deceleration and stabilization of a reentering vehicle. The 
suspended weight of the vehicle shall range from 90 pounds to 180 
pounds excluding the parachute system. The following deployment 
conditions represent the two extremes the system should experience. 


a. 90 Pounds Suspended Weight 


(1) Deceleration Parachute 


Maximum deployment altitude - 68,011 ft MSL 
faximum deployment velocity - 916 ft/sec 
Maximum deployment dynamic 
pressure - 68.1 lbs / ft” 


(2) Main Parachute 


Maxirnum deployment altitude - 62,250 ft MSL 
Maximum deployment velocity - 345 ft/sec 
Maximum deployment dynamic 2 
pressure - 12,5 lbs/ft® | ; 
b. 180 Pounds Suspended Weight . : Re ne 





(1) Deceleration Parachute 


Maximum deployment altitude - 55, 739 ft MSL 

Maximum deployment velocity -' 900.0 ft/sec 

Maximum deployment dynamic 2 
pressure - 124. 0 lbs/ft 


(2) Main Parachute 


Maximum deployment altitude - 48,000 ft MSL 

Maximum deployment velocity - 300 ft/sec 

Maximum deployment dynamic 2 
pressure - 19.0 lbs/ft 


At time of deployment the vehicle may oscillate plus or minus 20 
degrees and may be rotating ata rate of 15 rpm. 


The desired rate of descent at 10, 000 ft MSL is 25 to 26 feet per 
second under standard atmospheric conditions. 


The \iKSB main canopy shall be designed for aerial recovery, with 
90 to 14U pounds suspended weight, by a JC-130B aircraft. Maximum 
acrial recovery altitude shall be 15,000 ft. Maximum aircraft speed 
shall be 135 KLAS. 
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3.1.12.2.2.2.2 Recovery Aids. Three recovery aids shall be pro- 
vided. Two of these shall be RF types and one, a visual type. The 
primary RF aid shall be a pulse beacon and the backup RF aid shall 
be a TM system. The visual recovery aid shall be a flashing light. 


1,12.2.2.2.2.1 Recovery Beacon, The beacon shall have a stabilized 
frequency of 235.0 mc. Deviation from this frequency shall not be more 
than 0.01] percent. The beacon shall have a pulse rate of 1000 cps with 
a pulse duration of 30 microseconds. The peak power output shall be 
7.5 watts minimum. A signature shall be attached to the beacon which 
modifies the pulse rate so that audio identification can be achieved. The 
system minimum life shall be 10 hours after water impact. 


3.1, whee 2. 2 Recovery Telemetry System, The recovery telemetry 
shall ee of a 2 Channel FM/FM system. Two channels, IRIG 7 and 9, 


shall be used to monitor reentry system events, The third channel, 


-IRIG 11, shall read out acceleration along the vehicle longitudinal axis with 


an accelerometer whose range is minus five g to plus five g. The sys- 
tern shall operate at 225.2 mc, with a minimum power output of 2.0 
watts. The maximum frequency deviation shall be plus or minus 0, 01 
percent. The operating life of the system shall be 40 minutes minimum 
after separation from the Agena, 

3.1.12.2,.2,.2.2.3 Flashing Light. The flashing light shall have an 
output of 15 lumen-secoads per flash with a minimum flash rate of 

6C per minute, Minimum operating time after water impact shall 

be 10 adurs. 


3.1.12,2.2,.2.3 Water Flotation Period. 

oe ee a -2.3.1 Sea Conditions, The capsule shall be capable of 
susan: ne unter impact under a sea state of 3 with 18 knots surface 
winds. After water impact the capsule shall float in an upright posi- 
tion and shall nog capsize in sea states of 3 or less, as defined by the 
U.S. Navy Hydrographic Ojifice. 


~12,2,2.2.3.2 Flotation Period. <A sink system shall scuttle the 


ae after a flotation period of 55 hours minimum. Flotation shall 
not exceed 95 hours maximum, 


3.1,12,3 System Accuracy. 


3.1.12.2.1 Error Sources. The primary error sources that in- 
fluence ae reentry vehicle impact dispersions can be generalized as 
follows: 
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a. Agena attitude and attitude change rates at reentry vehicle 
separation, 


b. Reentry vehicle attitude and attitude change rates during 
separation, spin-up, and retro-rocket impulse, 


c. Reentry vehicle static and dynamic balance characteristics, 
d. Retro-rocket impulse tolerance, 

c. Uncertainty of orbit parameters at reentry body separation, 
f, Event timing errors, 


g. Uncertainties in actual ballistic parameter, atmospheric 


density, and surface winds, : 


The same general error sources are applicable to both the primary and 


back-up recovery systems alike, although the discrete values of these 
error sources differ, A tabulation of the error sources is presented 
in Tables XV, XVI and XVII. 








3.1,12,3.2 Impact pispersions. -An evaluation of the. 
> impact dispersions due fo assumed error. source de pag 
made for the following assumed set of mission parameters (typica 
mission): 
a. Perigee altitude oe = 100 N.M. 
b. Latitude of perigee A p= 40° N 
c. Latitude of injection Ainj= 21.6°N 
d. Inclination i = 85° 
e. Eccentricity e = 0,022 
f. Period T = 91,06 minutes 
g. Flight path angle at Ps 
injection yinj= +0, 362 


The computed reentry vehicle impact dispersions are itemized in 
Tahies XV, XVI, and XVII, and are summarized below: 
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| Primary | North to South | 72.8 | 101.5 | 8.3 | 
i ‘ ! 

Primary ! Southto North | 131.6 | 186.3 he eae | 
: ' i ' 

; Back-Up | North to South | | «75.7 + 12.8 
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3.1.13 Telemetry Capabilities: The Agena telemetry shall be com- 
prised of two separate VHF FM systems, These shall consist of 
several IRIG proportional bandwidth FM subcarriers, as shown in 
Table XVIII, some of which shall carry commutated data. The basic 
block diagram is shown in Figure 30. 


The primary payload telemetry shall consist of a similar VHF FM 
link also conforming to IRIG standards. The booster telemetry 
shall consist of a PCM/FM telemetry link. 


3.1.13,1 Link Ll. The Link 1 telemeter shall provide a means for 
transmitting the following: 


a. Status and functional quality of the vehicle and payload. 








b. Diagnostic data to assist in failure analysis. ~~ 


c. Environmental data. 
3.1.13.1.1 Configuration. The FM/FM telemeter shall provide a 
minimum transmitter output power of 2 watts (1.5 watts at the antenna 
terminals). Data shall be carried over continuous subcarrier chan- 


nels, or commutated subcarrier channels using a 100 percent duty 
cycle non-return-to-zero format, 


The following five tracking stations aaa 
CD sha) be equipped to receive, discrim- 


inate, decommutate and store, the telemetry data, and shall have 
VHF antennas as listed below: 


P| 60 foot parabolic antenna 
b, Ww _60 foot parabolic antenna 
c. Ww 60 foot parabolic antenna 
d. Ww DISC-ON-ROD antenna 
) | Tri-Helix antenna 


The Tri-Helix antenna fhas the lowest gain so that the lowest quality 
receiving capabilities shall exist at@§— Were, the maximum 


TABLE XVIII 


PROPCPTICNAL BANDWILTH CHANNELS 
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Figure 30. Instrumentation Block Diagram 
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tracking slant range shall be 1000 nautical miles with no provision for 
fade margin, giving a predetection signal-to-noise ratio of 10 db, as 
shown in Table XIX. This is adequate for FM receiver threshold. 
FM improvement is 7 db (see Table XIX) so that the postdetection 
signal-to-noise ratio is 17 db. The gains of antennas at all the other 
tracking stations are higher, providing an improved signal-to-noise 
ratio. : 
TABLE XIX 
Link Calculations 
VHF Telemeter 





GAINS 
Transmitter Power (2 Watts) 3 dbw 
Vehicle Antenna 3 db 
Ground Antenna (TRI-HELIX)* 14 db 
LOSS 
Vehicle Line Loss 2 db 
Space Attenuation (1000 N.M. ) 145 db 
Propagation Effects 3 db és 
Polarization Loss 3 db a 
Ground Antenna Line Loss ; 2 db 
Received Signal -135 dbw 
KTB (300 KC B/W) = -149.5 dbw 
NF 4.5 db 
Receiver Noise = -145. Ww -145 dbw 
Signal to Noise Ratio 10 db 


Which is adequate for FM receiver threshold. 


FM Improvement (R): 
2 


me eal on eo : 
2 fm fm a 


D Peak Carrier Deviation _ 


F 


Bir = IF Bandwidth : 
{m = Highest Modulation Frequency of Interest = 
All other stations have higher gain antennas resulting in improved é 


signal to noise. , : 
é i 
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TABLE XIX (Continued) 
3 Li5KC é 300KC 
mer (Gre hone © 42)" 
R = 7.0 db FM Improvement. 
tee, 
Video So/No = 10+7 = 17 db ° 
3,1,13.21.2 Continuous Data Channels. Continuous data channels 
shall be assigned, as shown in Table XX for a typical case. 
hs 0 ae cea eh he cm or ae : 
3 
Channel ee Se ee eS z _ es a 
No. i Ascent | Orbit Life Boat 
1- a Housekeeping | H ~ Housekeeping Housekeeping | 
3 . Housekeeping i Housekeeping Housekeeping | 
4 : Housekeeping , P/L P/L 4 
5 | P/L i P/L af) ee ae ra 
6 : Housekeeping | P/L - PIL. Se 
7 Housekeeping ' Housekeeping .-_— |: Houseke er tug: pees 
. 8 : Housekeeping | P/L Comm, - Housekeeping |~ 2°>° 
9 Housekeeping i P/L , 1 'P/L 
10 Housekeeping i 6 P/L | P/L 
Et Housekeeping { P/L | Housekeeping 
Lz Housekeeping i Housekeeping | Housekeeping | 
Comm. Comm. Comm. 
13 P/L /  P/L P/L 
14 FRousekeeping | Housekeeping Housekeeping 
15 Housekeeping ' Housekeeping Housekeeping | 
Comm. i Comm, | Comm, i 
16 Housekeeping ' Housekeeping | Housekeeping | 
Comm. } Comm. Comm. | 
17 Housekeeping , Housekeeping ; Housekeeping fe 
Comm. t Comm. | Comm. i) 
18 : Housekeeping P/L P/L | 
Eraae Behe sace gelesen ate eater? een ieee 
NOTES Housekeeping Comm. = 


Housekeeping Commutated | 


Data is included here in order to complete the table. 


P/L = 


Comm. = 


Payload Data 


Gommatated Data 


‘4 


_ 


90 


t 
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3.1.13.1.3 Commutated Channels. The commutator assignments as 
specified in Figure30 shall be as shown in Table XXI. 


TABLE XXI 
i ie tae Eman |e ae | 
| | | spel aaa Rate | 
) | Channel | Case, 
Mode Commutator | Ring , Assignment | Peace Rite 
ey ee eee eT ee aa earn sinetaaatanes manna 
Orbit } 3 ; B | 8* I 0.4 rps (e.g.) | 
Ascent & Orbit. 2 B 12 | 5 rps 
t 4 
Ascent & Orbit: 4 A 17 ‘ | 5 rps (e.g.) | 
: | : 
Ascent & Orbit. 1 | B I © 5 rps \ 
! 





| Ascent & Orbit; i A | 5 rps 


3.1.13.1.3.1 Housekeeping Commutated Data Points. Each ring of 

each commutator shail provide 60 points. Normally, 3 points shall 

be used for calibration and 3 points shall be used for synchronization, 

leaving 54 points for transmitting housekeeping data,.-A total of 4 | ve ca baci 
rings shall be provided by Commutators 1 and.2 giving 216 usable 2 en 
commutator points. Both commutators shall operate at 5 rps, thereby ae 
providing a minimum of 5 samples per second per point. 





3.1.13.1.3.2 Secondary Payload Commutated Data Points. Ring B 
ot Commutator 3 Operating at 0.4 rps shall provide a total of 60 
commutated points. Normally 3 points shall be required for cali- 
bration and 3 point's shall be required for synchronization, leaving 
54+ points for transmitting secondary payload data, 


3.1.13.1.4 System Accuracy. A list of telemetry points and related 
accuracy requirements shall be contained in Instrumentation Schedules 
for each vehicle. 


.1.13.2 Link 2. The Link 2 telemetry system shall be as specified 
in section 3.1. T6. 


3.1.13.3 Primary aye Link, The primary payload Link shall be 
as specified in section 5.1.15, 

3.1.13.4 Booster Instrumentation System. The pulse duration modu- 
lation/frequency modulation/frequency modulation (PDM/FM/FM) 


oe 


During orbit, channel 8 can be switched for sendjng Lifeboat data. 


h 
. 
) 
~ 
On 
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telemetry system (DAC Drawing 1A18680) shall be installed in the 
booster center body section. The system shall gather and transmit 
flight performance data to ground receiving stations via radio 
frequency (RF) carrier link. 


3.1.13.4.1 PDM/FM/EFM System. The PDM/FM/FM system shall 

be essentially a Combination of two types of modulation techniques, rae 
FM/FM and PDM/FM, which utilize a common RF link, as specified 

in Figure 31. 


3.1,13.4.2 FM/FM Section. The FM/FM section of the PDM/FM/FM 
system shall provide up to a maximum of, nine channels of continuous 
data. It shall consist of 10 voltage-controlled subcarrier oscillators 
(VCO), a wideband zmplifier, and a frequency modulated (FM) trans- 
mitter. Each VCO (with the exception of the 70 kilocycle (kc) carrier) 
shall be modulated by a single transducer or bya series of sequence 
Signals, to produce an FM output. The FM outputs of the VCO's shall 
be combined and applied to the wideband amplifier. The composite FM 
output of the wideband amplifier shall modulate the FM transmitter, 


3,1.13,4.3 Multicoder(s). The addition of a multicoder (DAC 
Drawing 7837664) or multicoders, to the FM/FM section shall produce 
the complete PDM/FM/FM system. Each multicoder shall. atte 

43 channels of commutated information to a single VCO. Typical - 
telemetry channel assignments are now in Table XXTI, © 





.1.13.4,4 PDM/FM Section. In the Sean section, transducer 
re shall be time multiplexed by the multicoder, producing a PDM 
output which shall be applied to the applicable VCO for conversion into 
a PDM/FM output. The PDM/FM output of the VCO shall then be 
combined with the outputs of the FM/FM section VCO's and applied to 
the widevand amplifier. 


3.1.13.4.5 Time Multiplexing of Telemetry Data. The 70-kc channel 
E VCO shall be used for PDM information so that the standard Inter- 
Range Instrumentation Group (IRIG) automatic decommutation ground 
equipment and the playback systems may be adequately utilized. This 
method of time multiplexing of telemetry data is recommended per 
IRIG Document 106-60 and is an accepted method of PDM transmission 
on all missile ranges. System accuracy shall not be degraded due to 
the non-linearity imposed by narrow-band modulation of the VCO's. 
The entire system shall be designed to comply with standards estab- 
lished by IRIG and set forth in Standard MIL-STD-442. 


3,1. 1-4 Commanding and Tracking. 
3.1, 14,1 Command Capability. 


3.1.14.1.1 Real-Time Command eaepeuity. Bath secure and un- 
secure commands sha e transmitted over the command links. The 
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TABLE XXII 


TYPICAL TELEMETRY CHANNEL ASSIGNMENTS 
(7MFM CHANNELS) 
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S-band command system shall be capable of handling fifteen unsecure 
commands (Analog) and two secure commands (Zorro), The Zeke com- 
mand system shall be capable of handling five secure commands and 
nominally ten unsecure commands. Of the fifteen S-band unsecure com- 
mands, eight commands shall be used to perform the orbital vehicle 
functions. These functions shall be to control the orbital programmer, 
to select the recovery pass, to initiate the deactivate sequence, and to = 
select one of two redundant inverters. The remaining seven commands 
shall be used as primary payload controls. Critical functions shall be 
backed up in such a manner that reliability will be optimized. 


Of the ten permanently assigned Zeke unsecure commands, three shall 
be used for Lifeboat mode selection. One shall be used to control the 
beacon transmitter. Six of the Zeke unsecure commands shall be used 
as backup commands for six selected S-band commands. Two of the 
backup commands shall provide for H-Timer period adjustments by 
Zeke in the event of an S-band command link failure. The other backup 
commands shall be primary payload commands. The utilization of com- 
mands is shown in Figure 32, 

A system of command interlocks shall be provided to minimize the 
effects of inadvertent or covert commands. 


3,1.14.1.2 Stored Esogre Command ed at »The orbital “22>. 
programmer shall provide channels of stored program events, 

Sixteen channels shall be used for controlling vehicle functions, Ten 
channels shall provide signals to the secondary payload interface for 


test events. Twenty-six channels shall provide signals to the primary 
payload, 





3.1.14.2 Command System Definition, 


3.1.14.2.1 Real-Time Commands. Real-time commands shall be 
sent to the vehicle by Verlort, Zeke, Radio Guidance and Range Safety 


command links, 


3.1.14.2.1.1 Verlort (S-Band). The S-band link shall use an S-band - 
Verlort or Prelort radar and shall modulate one of its interrogating 
pulses with the command data. Radar shall interrogate the vehicle 
transponder by transmitting a succession of pulse groups normally 
composed of two pulses following one another at some definite time 
interval. When it is desired to send commands, a third pulse shall 

be inserted at will between the above-mentioned two pulses, and this 
third pulse shall be the one that is modulated. Two modulating 
methods shall be used: 


a. ZorroCommandSystem. .The center pulse's time-position 
sha e varied by some fixed amount in relation to the other 
two pulses in the three-pulse group. Each position shall be 
given a certain significance which is interpreted in the 
vehicle decoding devices. 
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b. Analog Command System. The center pulse's position shall 
be varied at an audio rate tor one second. Six audio tones 
shall be available, used two ata time, which allows 15 
possible combinations. 


3.1.14.2.1.2 Zeke (VHF). The VHF link shall consist of a Zeke trans- 
mitter and two Zeke receivers where the carrier is amplitude modulated ~~ 
by audio tones. 


3.1.14.2,1.3 Radio Guidance Command System (X-Band). The radio 
guidance command system shall use a Continuous X-band radar which 
shall pulse-position modulate the command spacing between continuous 
pairs of address pulses, 


3.1.14.2.1.4 Command Destruct System (UHF). The system shall be 
equipped to meet the minimum Command destruct requirements of the 
Pacific Missile Range as specified in AFMTC Regulation 80-7, "Air- 
borne Flight Termination Systems." p 
3.1.,14.2.2 Stored Commands. Stored commands shall be stored in the 
vehicle prior to launch in the following ways: 







a. Fairchild Programmer, Commands shall be stored as. =.) 
perforations in a moving mylar tape. Brushes shall make 
contact as the programmed perforations pass under them, ~ 
thus initiating actions in the vehicle) 





b. Standard Timer. Commands shall be stored as settings 
in a mechanical time-interval countdown device which shall 
initiate actions in the vehicle after programmed time 
intervals have ec!:psed. 


c. DI/AN Timer. Commands shall be stored as settings ina 
solid-state, time-interval countdown device which shall 
initiate actions in the vehicle after programmed time in- 
tervals have elapsed, 


d. Booster Programmer. Commands whee be atered g2. peplorae. 
tions on a moving tape and shall initiate actions in the Thor 
booster in accordance with programmed time intervals. 


3.1.14.2.3 Command System Detailed Performance. 


3.1.14.2.3.1 Zorro Command System, The Zorro command system 
shall be a digital command system using an S-Band Verlort or Prelort 
radar to transmit the commands, The center pulse of the radar's 
three-pulse group shall be pulse position modulated with the command 
data. The center pulse shall assume one of three assigned positions 


in relation to the other two pulses in the group. One position is 
called a "one", another position is calleda “zero!'', and a third position 
is called a "reset", 
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Figure 33, 





Figure 33 is a hypothetical illustration of the three possible positions 
assumed by the center pulse. Only one position at one time shall be 
possible, 


Ones and zeros shall be combined ina digital manner to produce a 
40 character command word which also shall include a reset and some 
blanks. During a blank the center palse shail not be transmitted, 


:\ Zorro command shall consist of a sequence of 40 equal time intervals, 
each 40 milliseconds long. The first half of each interval shall carry 
no information and shall be blank. The last half of each interval from 
the first through the 36th shall carry command data in a digital form, 

as shown in Figure 34, 





Figure 34, 





The first interval shall contain a reset. 


Each of the next35 intervals (2 through 36) anal contain either a one 
or a zero, 


Intervals 37 through +0 shall be blank. 


Zorro comrnanding shall be a secure command system. The arrange- 
ment of the ones and zeros in each command shall be determined by a 
classified plug which shall be inserted in the Zeke encoder. Qnly the 
one vehicle which contains a duplicate plug shall be capable of. ceceting 
that particular command. 


Figure 35 is a block diagram of the Zorro System. 


Before a Zorro command can be sent by a tracking station, the correct 
plug shall be inserted in the encoder. When the command button on the 
command panel is depressed, the encoder shall start to formulate the 
command word in accordance with the wiring of the plug, starting the 
command with a reset and putting in the ones and zeros where et 
This command word shall be fed into a pulse inserter (RU 654) in the © 
radar which shall translate the resets, ones, and zeros into specific © 
center pulse positions. These center pulse positions shall be trans 
mitted to the vehicle at a 25 bit per second rate. To transmit one 
cornmand shall require 1.6 seconds. : 






The radar shall transmit its pulse groups at rates variable between 410 
and 630 groups per second. Since each one, zero, or reset has a 
duration of 20 milliseconds (half of the 40 ms interval previously noted), 
during that 20 milliseconds, from 8 to 13 pulse groups shall be trans- 
mitted, In the event that some of the pulse groups do not reach the 
vehicle command processing circuits, it shall be sufficient if only 3 
pulse groups per bit are received. Figure 36 shows how, with a radar 
pulse repetition frequency (PRF) of 410 per second, the center pulse 

is transmitted 8 times during the time it takes for each bit. 
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Figure 36 
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In the vehicle the radar pulse groups shall go through the S-band re- 

ceiver and shall be applied to a Type 13 decoder. In this decoder the 

one, zero, and reset bits shall be separated and identified on each of 

three lines as a square pulse. These three lines shall go into one or 

more Type 9 decoders wired with parallel inputs. Each Type 9 decoder ~ 
shall decode one command only. A plug shall be inserted in each of 

these decoders before launch, The plug shall determine the pattern — 
of the command which it will decode. Upon receipt of a valid command 

a relay shall be actuated to initiate some action in the vehicle. 


Vehicle components ior the Zorro Command System shall be as follows: 
a. S-band Beacon Transponder 
b. Type 13 Decoder 
c. Type 9 Decoder 


3,1.14,2.3.2 Analog Command System. The Analog Command System 

shall utilize an 5-Ban erlort or Prelort radar to transmit the com- 

mands. The center pulse's position shall be varied about an initial i a 
position at an audio rate for one second, Six audio tones shall be used. ~ |. 
which are known as tones A, B, C, D, E, and F, For each command mer 
two of these tones shall be mixed simultaneously and the center pulse”: 0: 
position modulated by this tone pair. Using six different tones in this 
manner, 15 different commands are possible, 






Figure 37 is a block diagram of the Analog Command System. 


On the command console shall be fifteen buttons, one for each command, 
When a button is depressed a logic system shall be caused to send 
impulses to the radar on two of six wires corresponding to the two tones 
used to make up this particular command. These impulses, of 1 second 
duration, shall actuate an encoder (RU 352), causing it to modulate the 
center pulse with those two tones for one second, 


In the vehigle the radar pulse groups shall go through the S-band 
receiver ahd shall be applied to a Type 11 decoder where the two 

tones shall be separated through audio filters and applied to a diode 
matrix which selects and energizes one of fifteen relays, resulting 

in some vehicle action. 

Vehicle components for the Analog Command System shall be as follows: 


a. S-Band Beacon Transponder 


b. Type 1! Decoder 
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Figure 37. Analog Command System 
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3.1.14.2,3.3 Zeke Command System. The Zeke Command System: 

shall be a digital system utilizing a VHF transmitter. The carrier shall 

be amplitude modulated by audio tones to produce the commands. A 

total of seven tones Shall be used. Tones A, B, C, and D shall be for 

Zeke secure commands. Tones E, F, and G shall be for Zeke Functional 
Commands. A description of the Secure and of the Functional (unsecure) 
commands follows: ia 


3,1.14.2.3.3.1 Zeke Secure Commands. Four tones (referred to as 

A, B, C, and D) shall be used to make up these commands. One tone is 
a 'power'' tone, one a "reset", one a "zero", and the fourth, a "one". 
Each tone shall have a specific audio frequency which never changes. 


A Zeke secure command shall consist of a sequence of 40 equal time 
intervals, each 134 milliseconds long (nominal). During the first half 
of each interval a "power" tone shall be sent. The last half of each 
interval from the first through the 40th shall carry command data ina 
digital form as shown in Figure 38. 
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Figure 38. 
In the first interval is a reset. 


The next 35 intervals (2 through 36) each hold either a one or a zero. 
Internals 37 through 40 hold power tones. 
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The arrangement of the ones and zeros in each command shall be 
determined by a classified plug (similar in kind but not in wiring to the 
Zorro secure plug) which is inserted in the Zeke encoder. Again, as 
with Zorro, only the one vehicle which contains a duplicate plug shall ~ 
decode that particular command, 


Figure 39 is a block diagram of the Zeke Secure and Functional 
Systems. 


Before a Zeke Secure command can be sent by a tracking station, the 
correct plug shall be inserted in the encoder. When the command 
button on the command panel is depressed, the encoder shall start.to 
formulate the command word in accordance with the wiring of the plug. 
The output of the encoder, which consists of different voltage levels, 
shall be fed into a "tone coder" which shall convert the command data 
into the proper tones which then shall amplitude modulate a VHF 
carrier. 


‘ , 
In the vehicle the VHF signal shall be demodulated by the Zeke re~ 
ceiver which then shall feed the tones to a Type 8decoder. . This 
decoder shall have no active function during Zeke Secure PATON 
and merely shall pass on the tones to a Type 5 decoder which shall 
separate them and output ones, zeros, and reset as square pulses _ ae 
on three lines feeding into one or more Type 9 decoders. .If thé ‘cam-. 
mand format matches the secure plug in one of these Type 9's it) © 
shall generate a relay closure to cause some vehicle action. The 
power tones shall cause the power to be turned on in the vehicle de- 
coders. Each power tone shall actuate a certain relay in the Type 5 
decoder which provides the power for 125 milliseconds to the Type 9 
decoder as well as to a portion of the Type 5 decoder circwpitry, After 
125 milliseconds the power relay shall drop out, hence power tones - 
must be repeated throughout the command. 





3.1.14.2.3.3.2 Zeke Functional Commands. Zeke functional com- 
mands shall not be secure and shall have a different format than Zeke 
secure commands. Different tones shall be used than for Zeke secure 
commands. Three tenes, designated E, F, and G, shall be arranged 
as pairs for each functional command, allowing six possibilities, 
since the order in which they are sent shall be pertinent (e.g. EF, ‘ 
FE, EG, GE, FG, GF). 


The command formal shall consist of five consecutive one-second 
intervals as shown in Figure 40, 
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Figure 40 


The two tones occupy the first two intervals. The next three intervals | 
are blank, This blank period is to assure that no tones are emitted 
until certain delayed relay closures pave completed their ee ous in 2 
the Type 8 decoder. RE OR ae 









Ba 


The function of the grsund equipment when sending a Zeke fanctionsl 
command shall be essentially the same as for a Zeke secure com- 
mand, except a secure plug shall not be required in the Zeke encoder, 
As the command button is depressed on the Zeke-Zorro command 
panel, the Ze:.e encoder shall format the command and the tone coder 
shall send the proper tones to the transmitter modulator. In the 
vehicle the Zeke receiver shall demodulate the VHF signal and shall 
feed the tones to a Type 8 decoder and a matrix, where the tones 
shali be coded and each different pair of tones shall effect a gorre-." 
sponding relay contact closure to control some vehicle function, ae 


aaa) aa 


Vehicle components for the Zeke Command System shall be as follows: 
a. Type 1 Command Receiver 
b. Type 8 Decoder 
c. Relay Matrix and Selective Address Matrix Boxes 
d. Type 5 Decoder 


e. Type 9 Decoder 
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3,1.14.2.3.4 Radio Guidance Command System, The radio guidance 
command system airborne equipment shall receive pulse coded com- 
mand signals from the ground radar, shall decode and translate these 
command signals into steering orders and sequence commands, and shall 
transmit in each repetition interval a 3 kilowatt pulse to facilitate 
accurate ground radar tracking. Figure 41 is an illustration of a com- 
mand interval containing a group of four pulses. 
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The address spacing must be proper in order for the transponder to 
operate, The command spacings shall assume any one of eight spacings. 
Program QM shall use six of the available eight spacings. Each of the 
four steering commands (pitch up, pitch down, yaw right, and yaw left) - 
shall be transmitted by a single group (4 pulses). <A single group shall 
hold the particular steering command in for a nominal period of 10.4 
milliseconds, The command interval shall be approximately 10 milli- 
seconds. Whena steering command is repeated continuously, the steering 
command shall ne held in continuously, The ground computer shall be 
gated to alternate between pitch and yaw steering commands every 200 
milliseconds. Consequently, the longest steering command shall be 200 
milliseconds in duration. The gyro torquing rates shall be_* degrees per 
second for the Thor booster and 2 degrees per second for the Agena. The 
maximum correction given in any one axis during a 200 millisecond period 
shall be_"_ degrees for the Thor booster and 0.4 degrees for the Agena. 
The contacts of the pitch up and pitch down relays and the yaw left and yaw 
right relays shall be interlocked to give added assurance that only one 
comrnaii can be given, thus preventing a short circuit of the steering 
voltage source. Sequence commands used to step the ledex shall be trans- 
mitted by sending 30 uninterrupted sequence groups followed by two groups 
of normal pulses. Functions of the sequence command are specified in 
section 3.1.4.3. 


_ -nis iniormation wil: be supplied by Lav. ie 
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In addition to being sent in conjunction with the sequence command, the 
normal command shall be sent when none of the other commands is 
transmitted fo that the tracking pulse shall constantly be transmitted 
to the ground. 


3.1.14.2.3.5 Type 8 Fairchild Programmer. The Type 8 Fairchild 
Programmer shall store commands in the vehicle prior to launch for = 
execution at specific times during flight. The programmer shall 

consist essentially of four reels of 35 mm mylar tape and a drive 

mechanism for moving these tapes in unison past a set of brushes at 

the rate of approximately 6 inches per hour, or 9 inches per orbit. 

Square holes punched in the tapes prior to launch shall enable each 

of the brushes to make contact with the grounded drum through the 

holes as the latter pass under the brushes. These grounding contacts 

shall be used to initiate vehicle or payload actions, or both. 


There shall be 13 brushes for each tape, making a total of 52 brushes. 
The tapes shall be mylar, 35 mm wide and 0.003 inches (3 mils) 
thick. Each tape shall be 98 feet long and shall have the capacity to 
store actions, in the form of holes, for approximately 128 subcycles. 
A subcycle is defined as that portion of a tape on which the commands 
are punched for one vehicle orbit. Tape of 1.5 mils thickness ey 
also be used, essentially doubling the Programming capecity. 

The commands stored in the Type 8 Progewuunes shall cause Geis 
actions or Payload actions or both as the vehicle reaches certain geo- 
graphical positions. Hence, the tape speed and positioning shall be 
kept synchronized with the orbital period and overpass plan. The rate 
at which the tape travels shall be adjustable so that it may be made 

to match the orbit period. Adjustments shall be accomplished by 
sending analog commands to speed up or slow down the programmer 
motor as necessary. The motor shall be a synchronous AC motor, 
driven by an oscillator at a frequency in the neighborhood of 400 cps, 
This frequency shall be varied by varying circuit parameters in the 
oscillator, which is controlled by analog commands. Varying the 
oscillator frequency shall vary the speed of the motor, 





5 
The tapes shall be capable of being advanced or retarded (reset) toa 
predetermined point within the subcycle. If a predetermined position 
on the tape does not coincide with the planned latitude during orbit, an 
Analog command sent to the vehicle when it reaches that latitude shall 
cause the tape to move rapidly so that the predetermined point is re- 
positioned as planned. The tape then shall continue to move at its 
former rate, , 


The controllable rate of travel plus the ability to reset the position of 
the tapes shall allow the tape programmer to be kept synchronized with 
the orbit period sc. that stored commands shall occur at the proper: 
times. 
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3.1.14.2,.3.6 Standard Sequence Timer. The standard sequence 
timer shall store Commands prior to launch for execution during 
flight. The standard sequence timer is also known as the '"D" Timer. 


The standard sequence timer shall consist of an assembly containing 
24 Veeder-Root counters driven by a constant speed drive motor, The 
counters shall be set before launch so that after given time intervals, 
switches shall be actuated to initiate vehicle actions. Thus, 24 events 
shall be programmable. The Veeder-Root counters shall control from 
one to five switches each, depending on requirements. The sequence 
timer shall be started at the desired time by an impulse which engages 
a clutch and releases a brake on the drive mechanism. The drive 
motor shall have been started previously. 


The maximum time interval possible with the sequence timer shall be 
6000 seconds. Should it be desired to program events for longer time 
intervals, a second sequence timer shall be used and started by the 
first timer at the end of its run. The.accuracy of the'timer shall be 
plus or minus 0.6 seconds. 


The sequence timer shall be used by Program @ to time events 
during the ascent and first orbit phases of vehicle ER jeee hala: 
the deactivate and reactivate phases, - ee gee om ee 


iar: 


3.1.14,2.3.7 Recovery Timer, Cstamands shall also be stared: ina 
recovery timer, known as the Di/Antimer. The recovery timer shall 
be a solid state device based on a two-pulse-per-second magnetic 
oscillator with a magnetic core counter. At predetermined counts 
output relays shall close, initiating vehicle actions. A total of 14 
such events shall be possible. ; ‘ 


A reset function shall be provided to reset the recovery timer counter 
to the initial count, and to reset the output relays. Normally the reset 
impulse shall be generated by the recovery timer output at the time 

of its last event. The recovery timer shall also be capable of being 
reset externally during ground tests, and by command when in flight. 


Two recovery timers shall be used by Program@@Bduring the re- 
covery phase of each flight, one for the normal recovery sequence 
and the other for the Lifeboat sequence. The normal recovery timer 
shall be started by a stored command from the Type 8 Programmer. 
The Lit ,oat timer shall be started by a Zeke secure command. 


3.1.,14,.2.3.8 Booster Programmer. The booster programmer shall 
be capable of applying and terminating controlled sequential commands 
at predetermined points in the flight. Thirteen program channels 
_ shall be available, nine of which shall normally be used for control 


system functions and the remaining four for backup functions and 
testing signals. The programmer shall be capable of programming 
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for 250 seconds. The programmer shall be capable of programming 

events at any preset time with respect to liftoff, within plus or minus 

0,1 seconds.or plus or minus | percent of the program time, whichever 

is larger. Either clockwise or counterclockwise roll programs may 

be selected by rewiring within the programmer. Yaw, pitch, and roll, 

rates shall be changed by adjusting respective potentiometers within 

the programmer, — 


3.1.15 Primary Payload, This section shall be supplied directly 
from the LMSC Advanced Projects Payload group to authorized 
recipients only. Pages 111 throngh, 124 hexqin gxerreaerved for thes * 


Primary Payload contribution t s system specification. 





Notice of Missing Page(s) 


Pages 111 through 124 of the original 
document were reserved for additional 
information that was not included. 


3.1.16 Secondary Payloads. 


3.1.16,1 General. The system shall have a capability for performing 
research experiments as designated by the AF SSD Project Officer. 
Research experiments shall be flown on a non-interference basis, That 
is, the experiments shall have no deleterious effects on the primary 
mission. LMSC shall design, fabricate, assemble, and systems 
engineer the selected experiments and the supporting secondary payload 
equipment to utilize otherwise excess vehicle power and weight capa-~- 
bility. LMSC also shall perform checkout tests to determine the 
payloads tlight test readiness. Tests shall be performed to assure that 
no possible failure mode of the secondary payload will adversely affect. 
the primary mission. The experimental payload modular design shall 
be adjusted to existing vehicle research payload interface requirements, 
launch window, vehicle orbit and attitude, The Program research 
payload modular concept shall establish mechanical and electrical 
vehicle interfaces and a basic telemetry data link interface panel for 
both research experiment and Program Qa support, The accom- 


modations for research payloads are described in the following sections: 


3.1.16.2 Mechanical Accommodation, The research payload modular | 


mechanical interface with the Program@@MBVehicle shal} be as ae ab 
erenced in section 3.1.6.4.4.1. To incorperats selected. ex ae 
and support equipment the standard secondary. pe et r: 
ment panels shall be as described by LMSC Secondary Pa raewts 
2P10762B, This secondary payload drawing identifies panel mounting 
locations, loading, and space with respect to each other, to the vehicle. 
att rack structure, and to the vehicle orientation. The aft rack space 
available shall be as specified in LMSC 1345097B, 





mei or Aft Rack Equipment Panels. The vehicle aft rack equip- 
ee wee shall consist of the four right side panels and two bottom 
panels as defined in Figure 42, and the left side panels, utilizing the 
RP-11 panel or the short side panel as defined in Figure 43. The 
secondary payload panels required shall depend on excess vehicle 
weight capabilities and experimental equipment weight, size, and view 
requirements, as well as power availability. 


3.1.16,2,2 Aft Rack Loading. The secondary payload panel loading 
capabilities shall be as defined in Figure 44. All loadings listed are 
maximum based on total aft rack capabilities. The capabilities also 
sha!! depend on distribution and attachment of equipments, A full 
complement of secondary payload panels (right side, bottom, and 
@@BMMB left side panels) shall have a total payload and support equip- 
ment capability of 516 pounds as specified in Figure 44, Item D. | 
When secondary payload weight availability is about 30 pounds, the 
research payload panel configuration shall consist of the standard 
panel complement, Figure 45, mounted on the forward bottom panel, 
a blank aft bottom panel, and diagonal tubes on the aft rack right and 
left sides, with thermal shields. The diagonal tubes shall maintain’ 
the vehicle aft rack structural design. 
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Figure 42, Aft Rack Equipment Panels Right Hand Side 
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SHORT SIDE PANEL 


Figure 43. Aft Rack Equipment Panels Left Hand Side Research 
Payload 
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1, ALL CONFIGURATIONS SHOWN ABOVE MUST HAVE AUXILIARY ENGINE CONE PANELS INSTALLED. 

2. ALi LOADINGS AS LISTED ABOVE ARE MAXIMUM BASED ON TOTAL AFT RACK CAPABILITIES, CAPABILITIES ALSO 
DEPEND ON DISTRIBUTION ANO ATTACHMENT OF ITEMS. 

3. ALL CAPABILITIES SHOWN ARE WEIGHTS OF PROGRAM PECULIAR EQUIPMENT ONLY, 


Figure 44. Aft Rack Loading Configurations 
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3.1.16.2.3 Secondary Payload Space. The secondary payload panels 
shall be designed to maintain aft rack structural integrity. The panel 
design shall be capable of utilizing the maximum available aft rack 
space, The space capabilities of the secondary payload panels shall 
be as defined in Figures 46, 47, 48, and 49 as follows: 


a. Left sid Pane - Figure 46 —~ 
b. Short Left Side Panel - Figure 47 ; 

c. Bottom Panel - Figure 48 

d. Right Side Panels - Figure 49 


3.1.16.2.3.1 Qualification. The secondary payload support equip- 
ment shall be flight qualified to requirements set forth by Program [. 


3.1.16.3 Electrical Accommodation. The secondary payload module 
electrical mterface shall be established through the Program@ 
secondary payload J-Box, as referenced in 3.1.6.4.4.2. Vehicle 
unregulated, auxiliary, and plus 28 VDC pyro power, as well as brush 


commands, real time commands, support and telemetry functions ._ Ob iy (ae 
shall be interfaced to the secondary payload. through the secondary - 9 5 84.3% 
payload J-Box, as specified by Program@@M SDR-6, System Design. eh 


Requirements for Vehicle/Payload Interface. Within the secondary 
payload module, the experiment shall be electrically interfaced with 
the secondary payload standard panel. The telemetry and support 
equipments, whichincludes the @/Bexperiment, shall be mounted 
on the secondary payload forward bottom panel and installed on the 
vehicle att rack as shown in Figuree 42 and 43. 


3.1,16.3.1 Electrical Power. The nominal DC power available to the 
secondary payload module at the interface shall be: 


a. Plus 268 VDC 10 ampere fused (unregulated) 

b. Plus 28 VDC 15 ampere fused (unregulated) 

c. Plus 28 VDC pyrotechnic power ~ 

d. Plus 28 VDC 10 ampere fused (auxiliary) 
3. 1.16.3.1.1 AC Power. The secondary payload experiment shall 
provide AC power for its own use, Proper shielding and precautions 
shall be taken to eliminate radiation or feed back into power lines to 
prevent interfacing with other vehicle equipment and systems, 
3.1.16. 3.2 Telemetry System. The secondary payload telemetry 
link (designated Link 2) shall be flown on all program@@ vehicles. 
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Figure 46. Equipment Volume Diagram Left Side 
Panel Research Payload : 
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The Link 2 performance parameters are the same as specified for 
Link 1 in section 3.1.13. The secondary payload telemetry system 
shall consist of an F\f{/FM VHF data link for transmitting data via a 
self-contained system interfaced to the vehicle umbilical for Link 2 
status during ground operations. The basic components of the system, 
as shown in Figures 45 and 50 shall be instrumentation sensors, 

C, +x 60 commutator, 26:1 tape recorder, voltage controlled oscillators 
(IRIG), solid state transmitter (2 watts), and the antenna system for 
Program @MB vy chicle mission backup and experiment operational re- 
quirements. With increased secondary payload module data require- 
ments and power availability, Link 3 and Link 4 FM/FM VHF data 

link capabilities can be added. 


~— 


3.1.16.3.3 Recording Capabilities. The tape recorder shall have dual 
track data recording capability with a readin-to-readout ratio of 26 

to 1. The maximum readin time shall be 182 minutes from a 1 x 60 

or 0.4 x 60 commutator with equivalent readout time of approximately 
7 minutes, The signal response shall be 300 cps, or DC to 60 pps 
commutated. 


3.1.16.3.4 Commutation, The commutators used as part of the 

secondary payload module shall be two rings, shorting type, make-~ 
before-break, 0.4 or 1 revolution per second, with 60 points per. uh ci 
commutator ring. Three points are required for calibration and. £00 0s. 
three points are required for synchronization, leaving 54 points _ 
tor secondary payload data per commutator ring. 





3.1.16.4 Stored Commands. Twelve stored commands shall be 
available to the secondary payloads for operation of programming 
equipment during flight. Two of these commands shall be assigned 

to the secondary payload Link 2 control and ten commands shall be 
available for the experiment operation. These brush commands shall 
be plus 28 volts DC unregulated power for nominal 10-second durations. 


3.2 System Design and Construction Standards. The design and 
construction of the system shall be as specified in DAC Specification 
D=-2345, LMSC Specification 1416559, LMSC Specifications T-3-3-001, 
T-3-i-001, T-3-3-004, and applicable subsystem specifications, 


3.2.1 General Design and Construction Requirements. 


3.2.1.1 Selection of Specifications and Standards, Selection of 
specifications and standards shall be as specified in DAC Specification 
NS-2315, LMSC Specification 1416559, and applicable subsystem 

spe! oatioun, 


4.2.4.2 Materials, Parts, and Processes, Materials, parts, and 
processes shall be as speciticd in DAC Specification DS-2345, LMSC 


Specification 1416559, and applicable subsystem specificafions. 


2.1.3 Moisture and Fungus Resistance, Moisture and fungus 
reeistance shall be as specified in individual subsystem specifications. 
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3,2.1.4 Corrosion of Metal Parts. Metal parts shall be resistant to 
corrosion as specilied in individual subsystem specifications, oe. 


$.2.1¢5 pnt ere hang eet sty and Replaceability, The design of the a 
system shall specify tolerances no more stringent than necessary to 
achieve the interchangeability and replaceability required throughout 
its operational life. The extent of establishing and maintaining inter- 
changeability for the system shall be limited to the mechanical inter- 
faces. The interchangeability and reflaceability requirements for the 
system shall be as specified in Douglas Aircraft Company Specification 
DS-2345, LMSC Specification 1416559, and applicable subsystem 
specifications. 


3.2.1.6 Workmanship. Workmanship shall conform with the standard 
practices prevalent in the aerospace industry. Uniformity of shapes, 
dimensions, fit, and performance shall permit replaceability of items 
as dictated by their operational requirements. There shall be no 
evidence of poor workmanship in the system. 


3.2.1.7 Electromagnetic Interference. Electromagnetic interference 
requirements shall be as specified in DAC Specification DS-¥345, 
LMSC Specification 1416559, and applicable subsystem specifications, —_«_ 





3,2.1.8 Identification and Marking. The identification and marking: .. 
requirements for the system shalt be as specified in Douglas Aircraft: 
Company Specification DS-2345, LMSC Specification 1416559, and ~ ~ 
applicable subsystem specifications. 


3.2.1.9 Storage. Storage requirements shall be as specified in 
DAC Specitication DS-2345, LMSC Specification 1416559, and 
applicable subsystem specifications. 


3.3 Reliability Requirements. 
3.3.1 Lite Requirements. 


3.3.1.1 General. Asan objective, all flight equipment shall be 
designed and assembled of suitable materials so that all Program 

- calendar lite and operating life requirements can be met under the 
environments encountered without an increased failure rate. These 
minimum bite requirements are stated below. Where other objectives 
require that a less durable design be adopted, maintenance, repair, 
and scrap procedures shall be specified, and the life experience of 
each limited life item shall be recorded and controlled, The ac- 
.umulated calendar life and operating life of all limited life items 
shall be reviewed as part of the final flight certification procedure 
to insure that sufficient useful life remains to meet the flight re- 
quirements without reliability degradation, ' 


3.3.1.2 Limited Calendar Life. As an objective, materials, parts, ‘a 
and assemblies shall he used which are not subject to age or tem- wos 


perature deterioration within a calendar life of three years. Items 
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which do not satisfy the minimum calendar life requirement shall be 
marked and controlled in general conformance with the procedures 
established in ANA Bulletin No. 438a, Age Controls for Synthetic 
Rubber Parts. 


3.3.1.3 Limited Operating Life. As an objective, materials parts, 
and assemblies shall be used which are not subject to an increasing ac 
failure rate due to wear during an operating period of at least 2000 
hours of nominal operation or equivalent cycles of operation after 
prime contractor acceptance. Inno case shall the non-wear-out 
cyclical life be less than three times the maximum estimated or 
experienced Program @cyclical life. Where the above objectives 
are not met, the item shall be classified as a limited operating life 
item with specified maintenance, repair, and scrap procedures. 
Elapsed time indicators shall be utilized or an operating log shall be 
maintained to report accumulated operation time or operation cycles 
for all limited operating life equipment. 


3.3.2 Numerical Reliability Requirements and Goals. 


3.3.4.1 General. Reliability requirements as stated herein are 
currdnt contractual requirements with a specified demonstration test. 
Reliability goals as stated herein are design and production objectives 
and usually closely approximate the predicted reliability from piece -* 
part reliability estimates or historical data. 





3.3.2.2 Launch Reliability Goal. A minimum launch probability 
re for LMSC aerospace ground equipment at a nominal launch com- 
plex shall be 0.95 during the 14-hour terminal countdown phase. 
Critical and major equipment as defined below shall be assigned 
reliability objectives which are not less than 0.98 and 0.95 respec- 
tively. Critical equipment is defined as equipment whose malfunction: 
could result in vehicle loss or extreme safety hazard. Major equip- 
ment is defined as equipment whose malfunction would result ina 
mission abort, serious program loss, or major safety hazard, 


3.3.2.3 Booster Requirements and Goals. The Thor SLV-2A 
booster shall have a required and demonstrated flight reliability of 
0.85. The demonstration shall be a successful performance of a 
simulated flight system test performed at the contractor's plant. 
Based on SLV and SLV-2A flight experience with Program opera- 
tions, the reliability goal shall be to maintain a booster launch ascent 
reliability of at least 0.94. 


6 


3.3.2.4 Radio Guidance Requirements and Goals. The Series 600 


Radio Guidance System was designed with the objective of exceeding 
a reliability of 0.985 for a time period consisting of 15 minutes of 
operation before launch and 5 minutes of operation in the flight 


environment. 
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3.3.2.5 Standard Agena Requirements and Goals. The S-O1B and 

SS-O1B vehicles shall be designed for maximum reliability commensu- 

rate with other applicable criteria to ensure high probability that the 

vehicle is capable of performing its assigned mission. The design 
requirement shall be to.achieve 90 percent reliability, at 75 percent 
confidence, in performing the primary flight objectives during the 

ascent and injection portion of the mission, The reliability goal shall = 
be an ascent flight success ratio of 94 percent, Measurement criteria 

for conformance to this requirement shall be as outlined in the appli- 

cable production contract reliability program plan. , 


3.3.2.6 Program@@™® Peculiar Equipment. The Program@@M Peculiar 
Equipment excluding GFE and payloads shall have a reliability require- 
ment beginning at 0.75 for FTV 1601 for a four-day mission through 
parachute desloyment. For subsequent vehi~les up to a total of 24 the 


reliability requirernent shall increase so that R. = | ta 0.480 
i 
where R. is the - vehicle reliability requirement and T, = accumu- 


lated vehicles beginning with 1601. The reliability requirement for 
the twenty-fourth vehicle shail be 0.817 in accordance with the above 
formula. The reliability requirement demonstration is established 















in LMSC A381275, Test of Attainment Reliability Requirements and 
Goals. on we ae cn BS 
3.3.2.7 Model 39205 Vehicle Reliability. The Model 39205 vehicle 


shall consist of the standard Agena with Program@@ peculiar equip- 
ment. The Model 39205 vehicle reliability goal without payload for 


a < day mission from =< ii oe reentry shall be 0. 860 


under Air Force Contract 

3.3.2.8 Overall Reliability. The over-all reliability goal for the 
Thor booster, radio guidance, and the Agena Model 39205 satellite 
by the product rule shall be 0.796 for a four-day mission from launch 
through capsule reentry, excluding payload equipment. For the re- 
quirements and goals for extended missions, refer to the Reliability 
Program Plan, LMSC A069558, 





3.3.3 Estimated System Reliability. <A reliability block diagram 

of the overall Program @MBdual mission is included as Figure 51 to 
provide an indication of the capability of the system in meeting the 
requirernents and goals stated herein. The numerical values shown 
are based on LMSC flight records of vehicle performance through 
Vehicle 14178 as presented in the Program Quarterly Reliability 
Estimate and Analysis Report, LMSC A705291, dated | November 1964, 
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4. QUALITY ASSURANCE 


4.1 Testing Program,~ The testing program for the satellite system 
shall consist of manufacturing tests, element system tests, and launch 


configuration simulated flight tests. 


4.1.1 Agena Vehicle Test Plan, The vehicle test plan shall define 
and limit all testing activities associated with the program vehicle 
from the receipt of manufactured, purchased, or GFE components 
to the initiation of terminal launch countdown, A typical vehicle test 
planis: "LMSC 1361915, Space Systems Vehicle Test Plan, Model 
39205, Vehicle 1613," 


4.1.2 Thor Booster Testing. Thor booster testing shall be controlled 


by DAC (To be supplied by DAC when available). 


4.1. ef Primary Payload Testing. The primary payload shall be tested 
as specified in section 3.1.15. 


4.1.4 Radio Guidance Testing. The radio guidance system shall be 
tested to verily that it meets all the requirements of Western Electric 
Specifications G.S, 19-900 and G.S. 64-250. 


4.1.5 Secondary Payload Testing. The vehicle test plan shall require . 
that the secondary payloads be tested to the extent necessary to assure 
that they will not in any way degrade or jeopardize the normal functioning 
of the primary payload or the Agena vehicle. Additional secondary 


payload testing shall be accomplished as deemed necessary to assure 
proper operation of the payload, 
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oe PREPARATION FOR DELIVERY 


5.1 Subsystems. Subsystems shall be prepared for delivery as 
speciffed in DAC Specification DS-2345, LMSC Snecifieation 1416559, 
and applicable subsystem specifications, 
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6.1 Principal Subsystem Sources. 
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systems shall be supplied by the organizations shown: 


a. SLV-2A, Douglas Aircraft Corporation 


b. Model 39205, Lockheed Missiles & Space Co. 


c. Primary Payload, Lockheed Missiles & Space Co; 


d, Secondary Payloads, Lockheed Missiles & Space Co, 


e, Radio Guidance, Bell Telephone Laboratories, 
Western Electric. 


6.2 Abbreviations, Abbreviations used in this specifications repre- 


sent the terms shown opposite them, as follows: 


Abbreviation 


AC, ac 
AGC 
AGE 
AP 
BTL 
C&C 
DAC 
DC, de 
deg. 
F/C 
FM 
G&C 
GFE 
H/S 
as 
IRIG 
IRP 
KIAS 


Full Term 
Alternating current _ 
Automatic Gain Control as 
Aerospace ground equipment. —_ 
Primary payload 
Bell Telephone Laboratories 
Communications and control 
Douglas Aircraft Company 
Direct current 
Degrees 
Flight control 
Frequency modulated 
Guidance and control 
Government furnished equipment 
Horizon sensor 

Tracking Station 
Inter-Range Instrumentation Group 
Inertial Reference Package 
Knots Indicated Air Speed 


, | Tracking Station 


Cranes 


VRE i 


A 


The following principal sub- 
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Abbreviation Full Term 
LMSC Lockheed Missiles & Space Company 
MSL Mean Sea Level 

Cs 2 Wa 2 
NM, nm Nautical miles = 
NTS North to south 
PAM Pulse amplitude modulated 
PDM Pulse duration modulated 
PMR Pacific Missile Range 

PPM Pulse position modulated 
R/E Reentry 
RSS Root sum square 

GEER 

STN South to north. 
TAG Tested and auerapters i 
T/M Telemetry - 

wi mm: racking Station 

UHF Ultra high frequency 

VAFB Vandenberg Air Force Base 
VCO Voltage controlled oscillator 
VHF Very high frequency 

VIM Velocity meter 






Tracking Station 


6.3 Glossary of Terms, Principal terms used in this specification 
are presented below, together with other terms used interchangeably 
in their place, 


Basic Terms Equivalent Terms 

a, Thor booster SLV-2A 
First stage 
Thrust augmented Thor (TAT) 
Booster 
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Basic Terms 


b. Agena vehicle 


c. Primary payload 


d. Secondary payload 


e. Standard sequence 
timer 


f, Recovery timer 
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Equivalent Terms . 


Model 39205 Vehicle 

Orbital vehicle 

Second stage 

S-O1B, SS-Ol1IB 

Standard Agena — 


Advanced payload 
Advanced Projects payload 
Payload 


Research payload 


‘Experimental payload 


Standard timer 
Standard D-timer 
D-timer 







Di/An timer 
Solid state timer 
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